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STATEMENT UNDER 37 C.F.R. S 1.607(c) 

Pending claims in the present application, e.g., claim 7, correspond exactly or 
substantially to claims 1-19 of United States Patent No. 6,033,886, issued March 7, 2000, a 
copy of which is submitted herewith as Exhibit E, cited as reference BT in the Supplemental 
Information Disclosure Statement filed March 22, 2001. 

No fee is believed to be required for this response. However, should any fee be due, 
please charge the required amount to Pennie & Edmonds LLP Deposit Account 
No. 16-1150. 
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EXHIBIT A 

MARKED-UP VERSION OF THE AMENDED PARAGRAPH ON PAGE 1 
TO SHOW CHANGES MADE HEREIN 

This application is a continuation of U.S. Application Serial No. 09/161,122, filed 
September 25, 1998, which claims priority benefit to U.S. Provisional Application Serial 
No. 60/069, 153, filed September 26, 1997, U.S. Provisional Application Serial No. 
60/084,133 filed May 1, 1998, and U.S. Provisional Application Serial No. 60/089,207 filed 
June 12, 1998. and wherein U.S. Application Serial No. 09/161.122. filed September 25. 
1998 also claims the right of priority under 35 U.S.C. S 120 to Application No. 08/316.439. 
filed September 30. 1994. now U.S. Patent No. 5.840.520. issued November 24. 1998. 
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EXHIBIT B 

MARKED-UP VERSION OF THE AMENDED CLAIM 
TO SHOW CHANGES MADE IN THE PRELIMINARY 
AMENDMENT OF JULY 9, 2003 



8. (amended) The genetically manipulated, infectious virus of Claim 7 [8], 
the genome of which has been modified to encode a heterologous sequence. 
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EXHIBIT C 
CLAIMS AS THEY WILL BE PENDING IN 
U.S. APPLICATION NO.: 09/724,388 
UPON ENTRY OF THE AMENDMENT OF JULY 9. 2003 

7. A genetically manipulated, infectious virus of the paramyxoviridae family 
wherein the virus genome comprises a modification wherein the modification is selected 
from an insertion, substitution or deletion. 

8. (amended) The genetically manipulated, infectious virus of Claim 7, the genome 
of which has been modified to encode a heterologous sequence. 

9. The virus of Claim 7 or 8 wherein the virus is a parainfluenza virus. 

10. The virus of Claim 7 or 8 wherein the virus is a respiratory syncytial virus. 

1 1 . A genetically manipulated, infectious, non-segmented, negative-stranded RNA 
virus wherein the virus genome comprises a modification wherein the modification is 
selected from an insertion, substitution or deletion. 

12. A vaccine comprising the genetically manipulated viruses of Claims 7, 8, or 1 1 
and a pharmaceutically acceptable carrier. 

13. A method for rescuing a genetically manipulated non- segmented 
negative-stranded RNA virus comprising 

introducing into a host cell expressing a heterologous RNA polymerase: 

(a) one or more DNA molecules encoding the virus N, P and L proteins 
operably linked to a polymerase binding site; 

(b) a DNA molecule comprising the cDNA of the non-segmented 
negative stranded RNA virus wherein the cDNA encodes the entire 
genome of the virus or is modified by the incorporation of a mutation 
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or a heterologous sequence, and wherein the cDNA is transcribed by a 
heterologous RNA polymerase; and 
isolating the virus produced by the cell. 

14. The method of Claim 13 wherein the virus is from the paramyxoviridae family. 

15. The method of Claim 14 wherein the virus is parainfluenza virus. 

16. The method of Claim 14 wherein the virus is a respiratory syncytial virus 
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Express MaU No. EL 500 575 856 US 
Dace Mailed: September 5. 2002 

Serial No.: 09/161.122 

Inventor: 



_Firsc Class Mail ( ) 



lin et al. 



_Filed: September 25. 1998 



For: Recombinant p sv Expression Systems and VArr^ c 



Th4 stamp of the Patent Office her eon mav be taken as an acknowledgment of the date . 
stamped of the following ; . 

00 ^° u ^ t ^ ce ^ § 1.78(a)(3) (in duplicate); 

a Request to Correct laventorshp Under 37 C.F.R. § 1.48(a) (in duplicate): r 
Statements by Inventors to Be Added Pursuant To 37 CF.R. § 1.48(a)(2)- L/V 
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Lt, Maran Bryant, David Kirkwood Clarke and Peter Palese; 
a Sequence Listing in paper and computer-readable form; 

a Statement under 37 CF.R. § 1.825 affirming that the Substitute Sequence Listing and 
computer-readable copy thereof are the same and do not include new matter, ^ 
Pention for Extension of Time under 37 CF.R. 1.136(a) for 4 months (in dupti 
Amendment under37 CF.R. § 1.116 with Exhibits A to D; 
an Amendment Fee Transmittal Form (in duplicate); 
Request for Continued Examination Transmittal (in duplicate) ;and 
Submission of formal drawings (12 sheets of 12 figures). \g> ' 
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rirprr m Mnil N~ • ™ ^ 856 us 
m THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicaticin of: UN et al. . • : . 

Application^.: 09/161,122 Group Art Unit: 1642 

Filed: September 25, 1998 Examiner: Brumback, B. 

For: RECOMBINANT RSV EXPRESSION Attorney Docket No.:7682-045-999 

SYSTEMS AND VACCINES 

ATVTF.NDMF^rT TTNDEP C.F.R. 81.116 



Assistant Commissioner for Patents 
Box AF 

Washington, D.C. 20231 
Sir: 

In response to the outstanding Final Office Action mailed February 6, 2001 , 
and in accordance with 37 C.F.R. §1.1 16, please enter the amendments and consider the 
remarks below intended to put the claims into condition for allowance. Applicants submit 
concurrently herewith: (1) Petition to Accept Unintentionally Delayed Claim for Priority 
under 37 CJUL § 1 -78(a)(3) accompanied by the appropriate fee (in duplicate); (2) a Request 
to Correct Inventorship Under 37 C.FJL § 1.48(a) accompanied by the appropriate fee (m 
duplicate); (3) Statements by Inventors to Be Added Pursuant To 37 C JML § 1 -48(a)(2); (4) a 
Consent by Assignee for Correction of Inventorship Pursuant to 37 OF JL § 1 -48(a)(5) with 
Exhibit 1 ; (5) a Declaration for Non-Provisional Patent Application executed by Hong Jin, 
Roderick Tang, Shengiang Li, Martin Bryant, David Kirkwood Clarke andPeterPalese; (6)a 
Sequence Listing in p.per and computer-readable form; (7) a Statement under 37 CJ JL § 
1 .825 affirming that the Substitute Sequence Listing and the computer-readable copy thereof 
are the same and do not include new matter; (8) Petition for Extension of Time under 37 
CF JL 1.136(a) for 4 months accompanied by the appropriate fee (in duplicate); (9) Exhibit 
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A, an Abstract as required by 37 CM*. 1.72(b); (10)ExhibitB a marked-up version of the 

r M tter,(ll)Exbibi t C,ac„pyofthecla^which^Ub«pe n dingu P onen t ryofth 1 s 
amendment; (12) Exhibit D. a marked-up version of the amended Specification where* 

brackets indicates deleted matter and underlining indicates inserted matter; (13) an 
Amendmen,FeeTransn U tta 1 Fonn(mdupUca.e);(14)Re q nestforConunnedEx— n 

Transmittal accompanied by the appropriate fee (in duplicate); and (15) under separate 
transmittal, Submission of formal drawings. 4 



TNVF.NTQRSHIP : . , . _ . 

■ Please amend inventorship of the above-captioned application «o mclude Peter 

Palese and David Kirkwood Clarke. 



PRI ORIXY * 

' Piease amend the claim to priority in the above-identified application to read 

SerialNo. 08/316,439, filed September 30,1994 (nowU.S. PatentNo. 5,840,520); and 
claims priority to Application Serial No. 60/060,153, filed September 26. 1997; to 
Application SerialNo. 60/084,153, fuedMay 1, 1998; and ApphcationSenalNo. 

60/089,207, filed June 12, 1998. 

jfi THE SP FH irirA ' rTON! 

Please amend the specification as follows: 

On paoe 1 line 2, please insert the Mowing: -The present apphcauonis 

medSeptember30,1994, n ow U . S .PaUntNo.5,840,520,issued N ovember24 1^,and 

AppUcation Seria, No. 60/060,1 53, filed September 26, 1997; App.icat.on Senal No. 
6l4,,53,filedMay 1,1998; and Application Serial No. 60/089^07. filed June ,2, 1998. 
" Onpage8,unel5,afterlL-5L,ins.rt-(SEQlDNOS:l-5)-. 
Onpage8,unel6.afterlT.9T,inser.-(SEQIDNOS:6.14)-. 
Onpage 9, line 9. after genome, insert ~(SEQ ID NOS:15-28)-. 
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On page 11, line 28, after RSV Lprotein, insert — (SEQ ID NO:29)— . 
Onpagell,line34,afterKSV L pro t ein > insert-(SEQIDNO:29)-. 

On page 34, line 13, after AAA C, insert -(SEQ ID NO:l)-. 
On page 34, line 15. after TAA CT, insert -(SEQ ID NO:2)-. 
On page 34, line 16, after ACT, insert -(SEQ ID NO:3)-. 
On page 34, line 18, after TTG TA, insert -(SEQ ID NO:4)-. 
On page 34, line 19, after TAC, insert —(SEQ ID NO:5)— . 
On page 34, line 22, after AMfTA. insert -(SEQ ID NO:6)-. 
Onpage34,line24,afterAATAA,insert-(SEQIDNO:7>-. 

On page 34, line 26, after ACQ AG, insert -(SEQ ID NO:8)-. 
On page 34, line 28, after ATT A, insert -(SEQ ID NO*)-. 
On page 34, line 29, after ACQ A, insert -(SEQ ID NO:10)-. 
Onpage 34,line31,after CAT AT,insert-(SEQIDNO:ll)-. 

On page 34, line 33, after TGATA, insert -(SEQ ID NO:12>— . 
•Onpage 34, line 35, after TTT TA, insert -(SEQ ID KO:13)— . 
On page 34, line 36, after CTG CA, insert -(SEQ ID NO:14)-. 
On page 37, line 33, after CAGC, insert -(SEQ ID NO:31)- 
On page 37, line 35, after AACA, insert -(SEQ ID NO:32)-. 
On page 37, line 37, after CGGT, insert -(SEQ ID N033)-, 
On page 38, line 2, after CAGC, insert -(SEQ ID NO:34)-. 
On page 38. line 4, after AGCT, insert -(SEQ ID NO:35)-. 
On page 38, line 6, after CGTTG, insert —(SEQ ID NO:36)— . 

On page 38. line 8, after TGGG, insert -(SEQ ID NO:37)-. 

On page 38, line 10. after AGGGTCT, insert -(SEQ ID NO:38)~. 

Onpage38,line 12, after ACTA, insert -(SEQ ID NO:39)— ; 

On page 38, line 14. after GGTA, insert -(SEQ ID NO:40)-. 

On page 38, line 16, after AAG3', insert -(SEQ ID NO:41)— ■ 

On page 51, line 2,before and. insert - (SEQ ID NO:42>- 

On page 51 , line 2, after G<5), insert -(SEQ ID NO-.43)-. 

Onpage 51, line ,7, before and, insert - (SEQ ED NO:44)— . 
Onpage 51, line 18, afterTG), insert -(SEQ ID NO:45)-. 



r 



On page 52, line 22, after 3% insert — (SEQ ID NO:46)— . 
On page 52. line 24, after 3% insert -(SEQ ID NO:47>-. 
. On page 68, line 1 please insert the following: 

--ABSTRACT 

The present invention relates to genetically engineered recombinant 
Respira.orySyncytialVirusesandvir»^ 

parens, cellular genes, umor antigens, or to encode combinations of genes from different 
ofRSV.- 

enclosed herewith pursuant to 37 C.F.R. § 1 -825. 

TNTTTF CLAIMS; 

a ^u;m= ? 1 3 and 1 8 to read as follows: 

containing an RSV BKA comprismg a binding site specific for an 

polymerase operative,, linlced to an RSV RNA comprising seances encodmg antigemc 

polypeptides of both RSV-A and RSV-B. 

„ (Amended) A vaccine comprising a chimeric Respiratory Syncytial Virus 

operatively linked to a polymerase binding site of an RSV and a pnarma 
carrier. 

• «f ri a ;m 13 in which the mRNA coding sequence 
1 8 ( Amended) The vaccine of Claim 13 in wnicn ui 

18. (Amend ; Syncytial Virus A and Respiratory Syncytial Virus 

encodes G and F genes of both Respiratory Syncytial virus 

B. 
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Please add new claims 25-26: 

25. (new) The isolated infectious Respiratory Syncytial Virus (RSV) particle 
of claim 2, wherein the RSV RNA further comprises a L gene mutation. 

26 (new) The isolated infectious Respiratory Syncytial Virus (RSV) particle 
ofclaim2, where* theRS^ 

a' 

pF.MARKS 

Thespecmcationisamendedheretatocoirectte^^ 
sequence identifier* (SEQ ID NO:) have been inserted mmeBriefDescriptionofmeDravvings 
andwithmmetextofmespecmcationwhereve^ 

An abstract has been inserted on the las. page of the specification and a copy of the abstract .s 

data have been inserted on page 1, line 2 of the specification. A declaration executed by all the 
mventorsissubmittedherewimandestab^^^ 

Claimsl-24are pending. Claims2,13,andl8are under active consideration due 
,„ the restriction requirement dated November 17, 1999. Cairns 2, 13 and 18 are amended 
herein to merely correct technical informalities and typo^phical errors. Claim 2 is amended 

invention. Support for the amendments made herein can be found in tie specification page 5, 
Unes 30-37, page 6, Hnes 1-18, page 7, lines 1-7, andpage 15, lines 10-18. Support for c launs 
2 3 and 18 can also be found in application Serial No. 08/316,439. filed September 30, 1994, 
nowU.S.Pate n tNo.5,840,520whichi S suedonNove m ber24,1998onpagel0,linesl.9; P age 

22,lmesl9-27;page36,lmesl9-30 ; andpage66,linel9«>page77,Une20. 

New claims 25 and 26 have been added to mote particularly pomt out and 

26canbefoundatpage55,uneltiuoughpa g e63,lme36ofmeins«ant S pecificatioa 

..ARe q uesttoCoaectInven W r S hipund K 37C.F.R.§1.48andaPetition«oAccept 

Unintentionally Delayed Ci'aim for Priori,, under 37 CSX. 5 1.78(a)(3) are being filed 
concurrently herewith under separate transmittal. 
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Collins reference of 1997. Thus, Collinses v 

^tAiiiv «»hnut that the rejection under 35 u.&.<~ 9 
application and the appteants respectfully submit uu in j 

should be withdrawn. i02(M as being anticipated 

Claims2 13,andl8standrejectedunder35U.S.C.§102 W aso g * 

Claims2,13 This rejection is in error and should be 

byCollinsetal.,1995,Proc.Natl.Acad.Sci.92.n^. j c pntemb er 30 

,u • .„ rf 9te of the instant application, as amended herein, is September 30, 
withdrawn. The priority date of tne insian w 

e ~~ «f 1QQ5 Thus Collins et al., lyy->, rro^. ^««"- 
1994 and thus predates the Collins reference of 1995. Thus, aooli cants 
P anflWe « art to the instant application and the apphcants 

a „„j <; • 09.1 1563 is not available as an w ^ 

Acad. Sci. 92.11563 " . ,. usc . 102 (b) should be withdrawn, 

respectfully submit that the rejection under 35 U.S.C. § 1U/ W 

. . j„«it<!C 8103 is obviated by the 
2 . The Rejection u« 

Sffieadin^^ obvious ta Ught 0 f 

Claim 18 stands rejected under 35 U.S.C 9 iuj^ j , cW dbe 
, 1 a a** 92-11563 This rejection is in error and should be 
CoUmsetal.,1995,Proc.Natl.Acad.Sci.92.11563. Septem ber 30, 

^ • -tv rf*t e of the instant application, as amended herein, is Septemoe 
withdrawn. The priority date of the insian vv 1095 Proc.Matl. 

» _ j o-t 09.1 1563 is not available as art to tne insiam vv 

Acad. Sci. 92.11563 , er35U SC § 103(a) should be withdrawn. 

respectfully submit that the rejection under 35 U.S.C. § iu a ; 
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rrnsrrT.lISION 
App Ucan* r^ec^y ^ en^ and consider*™ - 

ftee of the an and paUntaUe. Withdrawal of aU the rejection, and an allowance are earned 

« 



sought 



Respectfully submitted, ^ *^ 



iL A*, o*^ * 30,742 



Laura A. Coruzzi 
PENNIE & EDMONDS llp 
1155 Avenue of the Americas 
New York, New York 10036-2711 
(212)790-9090 
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V.YHTBIT A 

ABSTRACT 
FILED September 5, 2002 
tm tt <l PATENT APPLICATION SERIAL NO. 09/161,122 
^ A^O^Y DOCKET NO. 7682-045-999 



ABSTRACT 

Thepreseatmventionre^ 
Respiratory Syncytial Viruses and viral vectors .bich coatain heterologous genes.for use ^ 

viruses are engineered to contain heterologous genes, indudmg genes of other vuus^ 
viruses are engm combinations of genes from different 

pathogens, cellular genes, tumor antigens, or to encoae com 

strains of RSV. 
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EXHIBIT B 
A MARKED UP VERSION OF THE 
CLAIMS AMENDED IN THE INSTANT AMENDMENT 

FILED September 5, 2002 
TN TI S PATENT APPLICATION SERIAL NO. 09/161,122 
ATCORNEY DOCKET NO. 7682-045-999 



2. (amended) An isolated infectious F rs piratory Syncytial Vims (RS\Q 
[RSV] particle mimmMiil mr"VP™ onm pncino a binding g itP specific for an RNA- 

^v^seonerativgb, rfltn nnFSVPNA comprising sequences [winch 
comprises a chimeric RSV antigenome or genome] encoding antigenic polypeptides of both 
RSV- A and RSV-B. 



13. (amended) A vaccine 



comprising a chimeric Respiratory Syncytial Virus 



(RSV) [RSV] the genome of which contains 
sequence operatively linked to a polymerase 
acceptable carrier. 



the reverse complement of anmRNA coding 
binding site of an RSV and a pharmaceutical^ 



18 (amended)Thevac^ 
encodes G and F genes of both P^tory Syncytial Virus [RSV] A and Res^tory. 

Syncytial Virus B. 
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FILED September 5, 2002 
IN U S PATENT APPLICATION SERIAL NO 09/161,122 

Forney docket no. 7682-045-999 



2 (amended) An isolated infectious Respiratory Syncytial Virus (RSV) 

^^.^^^^^ 

RNApolymerase operative* 1^ 

antigenic polypeptides of both RSV-A and RSV-B. 

13 (amended) A vaccine comprising a chimeric Respiratory Syncytial Virus 
(RSV^egenomeofwhich contains the reverse complement of an m^Acodmg seance 
(RSV) the genome 01 pharmaceutical^ acceptable 

operatives linked to a polymerase binding srte of an RSV and pnarm 



earner. 



» (amended) The vaccine of Claim 13 in which the mRNA coding 
se^ce.ncodesGandFgenesofboO.Resp^S^cvdaiyi^Aa.dR^.o.v 

Syncytial Virus B. 

25 (new) The isolated infectious Respiratory Syncytial Virus (RSV) particle 
of ciaim 2, wherein the RSV RNA further comprises a L gene mutation. 

26 . (new) Tr.^^*^^-^^^ 
of ciaima.wheremtheRSVRHAfurthercomprisesade.etionof^-ORF. and/or SH- 

ORF2. 



HY2 - HS2STIA 



) 



EXHIBIT D 



— " 7 r^onlease insert the following paragraph: 

Onpagel,line2pleaseinse cr?aKtof prioritviffidex25 
v ;= * ntltlrfl tn f"" 4 rlaimsnpmoT prions 
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EXPRESS MAIL NO.: .FT, SOP 575 856 US 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Application of: JINetal. 

SerialNo, 09/161,122 Group Art Unit: 1642 

Filed: September 25, 1998 Exammer: Brumback,B. 

For RECOMBINANT RSV EXPRESSION Attorney Docket No.: 7682-045-999 r 
SYSTEMS AND VACCINES 

PETITION TO ACCEPT UNINTENTIONALLY 
DELaSlA»IFO R PMOBITYUNDER37 C.F.R. § 1.78(a)(3) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: . . 

Pur S uan..o37C.F.P-§1.78(a)(3),Applica n « S hereby P eduonfcComnus SIO ner.o 

accept the unintentionally delayed claim for priority. Applicants submit an amendment under 37 
C.FJL § 1.1 16 concurrently herewith. .. 

The delay in claiming priority was unintentional. In particular, inventors David 
Kirkwood Clarke and Peter Pales* who are the only inventors on the prior applicatron have 
inadvertenaybeenornittedrxomtheabove-identffiedapplicarion. A request to correct 
inventorship under 37 C.F.R. S 1.48(a) is concurrently herewith. Applicants not. that the delay 
in claiming priority was caused by the .aok of co-inventorship between the prior appUcafon ^and 
meabove-idenrinedapplication: The lack of co-inventorship occurred in error as the pernors 
DavidKirkwood Clarke and Peter Palese who are me only inventors on me prior apphcatron 
were inadvertently omitted ftom the above-identified application. 

AppUcants hereby submit the fee of Sl.280.00 se, form in 37 CJtt. § 
charge 4e required surcharge to Pennie & Edmonds LLP Deposit AccountNo. 16-1150. The 

HY2- 1282805.1 



Coroner is hereby authorized to charge any deficiency of any fee. or surcharge, or other 
& Edmonds LLP Deposit Account No. 16-1 150. 



payment to Penme > 

The Petitioners request that the unintention; 
instant application. 



ally delayed claim for priority be entered in the 



p n f Q^ptPrnViftr 5. 2002 



Enclosures 



Respectfully submitted 



LauraA-Coruzzi v 
PENNIE & EDMONDS LLP 
1 155 Avenue of the Americas 
New York, NY 10036-2711 
Telephone: (212) 790-9090 
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ETTimT • ™ 575 856 US 

m THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Application of: JINetal. 

SerialNo, 09/161,122 Group Art Unit: 1642 

Filed: September 25, 1998 Examiner: Brumback,B. 

For- RECOMBINANT RSV EXPRESSION Attorney Docket No.: 7682-045-999 
SYSTEMS AND VACCINES 

P ™ttfst TO C O^^ INVEN TORSHIP UN DER M C F.R. § 1.48 fa) 

Assistant Commissioner for Patents" 
U.S. Patent and Trademark Office 
P.O. Box 2327 
Arlington, VA 22202 

SIR: 

It is respectfully requested that the inventorship of the above-identified 
patent appUcation be corrected under 37 C.F.R. § 1.48(a) tofurther include the name of 
David Kirkwood Clarke, whose residence is 3205 Whispering Hills, Chester, New York 
10918, and Peter Palese, whose residence is 414 Highwood Avenue, Leonia, New Jersey 
07065, as co-inventors of the claims in the instant patent appUcation. AppUcants 
concurrently submit herewith (1) a Statement in Support of Correction of Inventorship; (2) 
. an executed Declaration by the actual inventors; and (3) a Consent by Assignee to . 

Correction of Inventorship. 

The name of David Kirkwood Clarke and Peter Palese were omitted in the instant 
patent appUcation through error and without any deceptive intention on the part of the 
omitted inventor. Thus, the inventorship of the claims in the instant paten, application 
should be corrected to include the names of David Kirkwood Clarke and Peter Palese. 
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p^uant to 37 CML § 1.48(a) and J 1.17®. k is believed 4a, a fee of $130.00 » 
du efo tS »b^ionof t bis^ue St .P.ea S ec teg e«he« q u i «dfee,oPe m iea n dEd m ood, 

; AccountNumber 16-1 150; a duplicate of this sheet is enclosed. 



LLP Deposit . 



Date: g^mher 5.2002 



Respectfully submitted, 



^uraA.Coruzzi ^ & J 



..Laura _ 

1 PENNEE & EDMONDS LLP 
1155 Avenue of the Amencas 
New York, NY 10036-2711 
Telephone: (212) 790-9090 



Enclosures 
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m THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application of: Jinetal. 

» 

Serial No.: 09/161,122 Group Art Unit: 1642 

Filed: September 25, 1998 Examiner: Brumback, B. 

For: RECOMBINANT RSV EXPRESSION Attorney Docket No.: 7682-045-999 
SYSTEMS AND VACCINES 

STATEMENT BY THE INVENTOR TO BE ADDED 
PURSUANT TO 37 C.F.R - §1.48 (aV2> 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: • 
I, Peter M. Palese, have reviewed and understand the content of the Petition 

for Correction of Inventorship Under 37 C.F.R. §1.48(a) submitted concurrently herewith to 
amend the above-identified application to correctly name all of the inventors. I hereby state 
that my name was inadvertently omitted, without deceptive intent, as a co-inventor of the 
currently claimed subject matter of the above-identified patent application. There was no 
deceptive intent on my part in the omission of my name as a co-inventor. 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true and 
further that I make these statements with the knowledge that willful false statements and the 
like are punishable by fine or imprisonment, or both, under §1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 






5^ ^ Peter M. Palese 



- 1 - 



NY2-I28248S.I 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Application of: Jin et al. 

SerialNo.: 09/161,122 Group Art Unit: 1642 

Filed: September 25, 1998 Examiner: Brumback,B. 

For: RECOMBINANT RSV EXPRESSION Attorney Docket No.: 7682-045-999 
SYSTEMS AND VACCINES 



STATEMENT BY THE INVENTOR TO BE ADDED 
PI TO ST T ANT TO 37 T.F.R. 81.48 faV2) 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: - 

I, David Kirkwood Clarke, have reviewed and understand the content of the 
Petition for Correction of Inventorship Under 37 C.F.R. §1.48(a) submitted concurrently 
herewith to amend the above-identified appucation to correctly name all of the inventors. I 
hereby state that my name was inadvertently omitted, without deceptive intent, as a co- 
inventor of the currently claimed subject matter of the above-identified patent application. 
There was no deceptive intent on my part in the omission of my name as a co-inventor. 

I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true and 
further that I make these statements with the knowledge that willful false statements and the 
like are punishable by fine or imprisonment, or both, under § 1001 of Title 1 8 of the United 
States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 



Date David Kirkwood Clarke 
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NY1-I2J3W.I 



Express Mail No.: EL 500 575 856 US 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
Application of : HNetal. 

SerialNo, 09/161,122 " 'Group Art Unit: 1642 

Filed: September 25, 1998 Examiner: Brumback,B. 

For- »f RECOMBINANT RSV EXPRESSION Attorney Docket No, 7682-045-999 
SYSTEMS AND VACCINES 

c-r atviv^NT TIN"™ ™ C..VJL SS 1 8?W ANT) 1.825^ 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

SIR: 

^Applicants submit herewith copies of the Substitute Sequence Listing in paper 
and computer-readable forms. 

Applied submit herewith a ai.em.nt mat the paper and computer-readable 

evldateherewith.arethesame. Applicants further submit herewrm a aaKmen :** ft. 
paper and computer-readabie copies of the Substitute Sequence Lisfcng, sub-mmed u, 
accordance ^ith 37 C.F.R. 1 1.825 on even date herewith, do no. include 
Accordingly, Applicants respect request that the Subaimte Sequence Usung be entered 

in the instant application. 

Respectfully submitted, *j? 

/ A ^rs • ° 30,742 

Date September 5. 2002 / > T .*f rt- l/IWffil " 

: ' LauraA.Coruzzi ^ ik**- 1 ™"' 

PENNIE & EDMONDS ilp 
'* 1155 Avenue of the Americas 

New York, New York 10036-27 1 1 
(212)790-9090 



HY2- 134973*5.1 



PTCVSB/30 (5/2000) 



Approve for CoSffiReE + 
U.S. Patent and Trademark «T«:U^^^ I 
,*«r*wl to a collection cf information unless it displays a vaiia w 
r me Paper*** Reduction Act of T995. no persons are reared to respond toaco. 



Request 
for 

iONTlNUED EXAMINATION (RCE) 
TRANSMITTAL 

Subsection (b) of 3S U.S.C. 5 ^-f^^X^k^ 
Dvtdes for continued examlnaUon of an tsLto* or plant appucauon 
filed on or after June 8. 1995- 
See The African mventors Protection Act of 1999 (AIPA). 



Attorney Docket Number 

ad/usfmentprov/^o^e/UPA See Q.W * ^^^^^ctce. . 



a. Q 



iv. 



a. 



J. 



a. 



Ul ijuua uiuiB < 1 ■ 

I Miscellaneous I . annn ^« on is reauested under 37 C.F.R- § 1.103(c) for a period 

a Suspension of action on the ■bov^^JSS^J^JSl 

Of __ months. (Period of suspension shall net exceed 3 mcn*s. Fee under 
b. O Other ,,rcn 6i114wt-.entheRCEisfiled 

E The Director is hereby authonzed to charge ineio 

Edmonds LLP Deposit Account No. I 6 "" 50 . t0 be s 740.00 

i. . RCE fee required under 37 aF.R § ^ ^^ated to be S_for a _ month 
.. □ Extension of time fee required under ^J ^g 1 ^ 
"• extension, the request for which is being made nerewun 

fit. □ Other 

a Check in the amount of $ — enclosed 

Payment by credi * ~* ffom, ^ 2033 efdosed) — - 

j nrrrr nr irr— ^ttorney or agent required 

SHjNH i writ ^ I o^.-.M.fton No. (Attomey/AS 



lame (Print/Type) 
tignatura 



Date 



Laura A Coruni 

" toti ^TE OF OR TMA/SM/SS/O N 



peaiztefon No. (Attorney/Agent) 
"30X42 



hereby certify tT-at 
rommisaioner Fcr 
ndcated below. 



Name (Print/Type) 
Signature 



ifc rturiwwi- w - . 

7 rde nce is beir g «pc*<d ^ *e UM4 a*. «*» ^^^^^ Office on ma date 

' p^i^r^m R^E/WasfStfof^^C 20231 . or by facsimile transmitted to fax no. 1 70> . ± 



Registration No. (Attomey/Afent) 



Date 



Express Mail No.: EL ^OO 575 856 US 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: JINetal. 

Application No.: 09/161,122 
Filed: September 25, 1998 

For: RECOMBINANT RSV 

EXPRESSION SYSTEMS AND 
VACCINES 



Group Art Unit: 1642 

Examiner: Brumback, B. 

Attorney Docket No.: 7682-045-999 



FEE TRANSMITTAL SHEET 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

sir: -A 
"The fee required to be filed with the ^ amendment of even date herewith 

concerning the ^^^^^^^^^^ - ■ 

The claim amendment fee has been estimated as shown below: 



(Col 1) 



(Col 2) 



(CoL3) 



OTHER THAN A 
SMALL_E*£TTTY_ 




TOTAL 



Please charge the required fee to Pennie 
A copy of this sheet is enclosed. 



OR TOTAL S 

& Edmonds llp Deposit Account No. 16-1150. 



Respectfully submitted, £>tj 



Date September 5, '2002 



PENNIE & EDMONDS lip 
1155 Avenue of Americas 
New York, N.Y. 10036-2711 

(212)790-9090 



Enclosure 



NYZ- 1 349743.1 



Express Mail No.:_£Li00J25156US_ 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Application of: JINetal. 

SerialNo,: 09/161,122 Art Unit: 1642. 

Filed: September 25, 1998 Examiner: Brumback,E, 

For: RECOMBINANT RSV Attorney Docket No, 7682-045-999 

EXPRESSION SYSTEMS AND 

VACCINES 

PETITION FOR EXTENSION OF TIME UNDER 37 CFR § 1.136(a) 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

„ is respectfully requested that the .toe for response to the Office Action dated 

• j pa ~ nn thu\ from Mav 7^2002 to and including September 
March 7, 2002, be extended for a period, of 4 month(s) from jyiav /, 

7.2002 . 

The fee for .his extension is estimated .0 be SLM2# '*m* *«* *• 
,oPennie & Edmondsu, Deposit Accoun.No. 16-1150. A copy of to sheet U closed ^ 

Respectfully submitted, ^ 

A (/ • lS 30,742 

Date Sentember5.2002 f*»>+. A ■ I ^eg.No.f 

Laura A. Coruzzi v 5 

PENNIE & EDMONDS llp 
1155 Avenue of the Americas 

New York, N.Y. 1 003 6-27 11 
(212)790-9090 



t^YZ- 1349700.1 
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PENNIE & EDMONDS llp DOCKET NO. 7682-045-999 



DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION' 

:low named inventor, I hereby declare that: 

iidence, post office address and citizenship are as stated below at 201 et seq. beneath my name. 

RECOMBINANT RSV EXPRESSION SYSTEMS AND VACCINES 

ir which a patent application: 

S^CT^maS 190n 

by state that I have reviewed and understand the contents of the above identified application, including the claims, as amended by any 
dment referred to above. 



dment referred to above, 
.wledgefceduty*^^^ 




.byclaime^^ 

«r of each of «he claims of this application b not disclosed u ' *« Pnor ^ScSeSStSon known to me which is material to P-teotab^ 
agnph ofTUe 35. United States Code Ml J I '^S^^S^i^SSSSi the filing date of the prior apphcauon and the 
ieSned in Title 37, Code of Federal Regulations, §1.56 which became avaiwo 

ional or PCT international filing date of mis apphcauon: 



• for use only when the application is assigned to a company, partnership or other organization. 



PENNIE & EDMONDS lu> DOCKET NO. 7682-045-999 



ibydeclarethatalis^^ t 

ved to be mic; and further that these Code and that such willful false statements 

stable by fine or imprisonment, or both, under Section » Wl of I iuc i s 
jeopardize the validity of the application or any patent issuing thereon. 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

JIN 

CTTY ' 

Cupertino 

STREET 

22385 Santa Paula Avenue 

SIGNATURE OF INVESTOR 201 




LAST NAME 
TANG 

CTTY 

San Carlos 

STREET. 

730 Chestnut Street 



SIGNATURE OF BtYttTO] 




LAST NAME 

LI 

cmr 

Los Altos 

STREET 

718 Terrace Court 

SIGNATURE OF INVENTOR »3 



FIRST NAME 

Hong 

STATE OR FOREIGN COUNTRY 

California 

CTTY 

Cupertino 



FIRST NAME 

Roderick 

STATE OR FOREIGN COUNTRY 

California 

CTTY 

San Carlos 



FIRST NAME 

. Shengqiang 

STATE OR FOREIGN COUNTRY 

California 

CTTY . 

Los Altos 



MIDDLE NAME 
COUNTRY OF CITIZENSHIP 

Peopled Republic of China 

STATE OR COUNTRY jziPCOOB 

California I 95014 

MIDDLE NAME 
COUNTRY OF OnZENSHIF 

Malaysia 



ZPCOOE 

94070 



STATE OR COUNTRY 

California 

DATE 

MIDDLE NAME 



COUNTRY OF CmZENSHI? 

People's Republic o f China 

STATE OR COUNTRY I HP CODE 

California . I 94024 

DATE 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

BRYANT 

CTTY 

Carlisle 

STREET 

65 Hickory Lane 

SIGNATURE OF INVENTOR »* 



FIRST NAME 

Martin 

STATE OR FOREIGN COUNTRY 

Massachusetts 

OTY 

Carlisle 



MIDDLE NAV4E 
COUNTRY OF CTTEENSKI? .. 

United States of America 

STATE 0 R COUNTRY •* I OPCODE 

Massachusetts I 01741 

DATE 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

CLARKE 

CTTY 

Chester 



STREET 

30 Whisperi ng Hills 

SWNATUUJ OF INVENTOR KD 



FIRST NAME 

David 

STATE OR FOREIGN COUNTRY 

New York 

CTTY 

Chester 



MDOLENAME 

Kirkwood 

CC<^YOFCnTZ£N»nj 

United Kingdom/United States of 
America 

STATE OR COUNTRY I 

New York I 10918 

DATE 



KY2 - 1282667.1 



PENN1E & EDMONDS u, DOCKET NO. 7682-045-999 
DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION* 
low named inventor, I hereby declare that 

dence, post office address and citizenship are as stated below at 20 1 et seq. beneath my name. 

' RECOMBINANT RSV EXPRESSION SYSTEMS AND VACCINES 

• which a patent application: 

^ P c?ln^ 

>yst a tethatlhave reviewed and understand the contents of me above identified application, include 
ment referred to above. 

cate listed below and have also identified below any foreign application tor paiem o 

application on which priority is claimed: , 

— 1 ~ PRIORITY 

CLAIMED 



APPLICATION NUMBER 



DATE OF FILING 
fdav. month, year) 




YES o NO 

PROVISIONAL APPLICATION NUMBER 



rt360 t 153 
/0&U33 
/089.207 



FILING DATE 



September 26, 
May 1, 1998 
June 12, 1998 



1997 



.by claimthe benefit under Title 35, United States ■ t^^^ 

*r of each of the claims of this application is : not ^^closed^ » ^ P™^^^SS& on known to me which is ^5^* * 
tgraph of Title 35, United States Code § 1 12, 1 ac £°£ lcd S e ^ the filing date of the prior application and the 

eOned in Title 37, Code of Federal Regulations, §1.56 which became available Derwe 
oaal or PCT international filing date of this application: 



NON-PROVISIONAL 
APPLICATION SERIAL NO. 



8/316,439 



FILING DATE 
Septeraber^O, 1994 



STATUS 


PATENTED 



PENDING 


ABANDONED 









• for use only when the application 



is assigned to a company, partnership or other organization. 



KY2-12S2667.I 



PENNEE & EDMONDS up DOCKET NO. 7682-045-999 



JSC validity of the application or any patent issuing thereon. 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

JIN 

CITY 

Cupertino 

STREET 

22385 Santa Paula Avenue 

SIGNATURE OF INVENTOR 201 



LAST NAME 

TANG 

cmr 
San Carlos 

STREET 

730 Chestnut Street 

SIGNATURE OF INVENTOR 10J 



LAST NAME 
LI 

CITY 

Los Altos 

STREET 

718 Terrace Court 

SIGNATURE OF INVENTOR 203 



FIRST NAME 

. Hong 

STATE OR FO REIGN COUNTRY 

California 

CTTY 

Cupertino 



FIRST NAME 

Roderick 

STATE OR FOREIGN COUNTRY 

California 

CTTY 

San Carlos 



FIRST NAME 

Shengqiang 

STATE OR. FOREIGN COUNTRY 

California 

CITY * 

Los Altos 



FULL NAME 
OF INVENTOR 


LAST NAME 

| BRYANT 


RESIDENCE & 
CITIZENSHIP 


1 CTTY 

1 Carlisle 


POST OFFICE 
ADDRESS 


I STREET 

65 Hickory Lane 

1 SIGNATURE OF INVENTOR 20* 


FULL NAME 
OF INVENTOR 


I LAST NAME 

1 CLARKE 



FIRST NAME 

Martin 

STATE OR FOREIGN COUNTRY 

Massachusetts 

CTTY 

Carlisle 



RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



GTY 

Chester 

STREET 

30 Whispering Hills 

SIGNATURE OF INVENTOR 



FIRST NAME 

David 

STATE OR FOREIGN COUNTRY 

New York 

cmr 
Chester 



MIDDLE NAME 
COUNTRY OF OTTXENSKI? 

People's Republic of China 

STATE O R COUNTRY I 217 CODE 

California 1 95014 

DATE 



MIDOLE NAME 
COUNTRY 0 F CITIZENSHIP 

Malaysia 

STATE OR COUNTRY | ZIP CODE 

California I 94070 

DATE 



MIDDLE NAME 
COUNTRY OF CmZENSHI? 

People's Republic of China 

STATE OR COUNTRY TziPCOCE 

California 1 94024 

DATE 

MIDOLE NAME 



COUNTRY OF CrnZENSHI? 

United States of America 



STATE OR COUNTRY 

Massachusetts 

DATE 



2IPC00E 

01741 



MIDOLE NAME 

Kirkwood 



COUNTRY OF Cn^NSHI? 

United Kmgdom/United States of 
America 

STATE OR COUNTRY I UPCOOE 

NewYork I 10918 

DATE 



NY2- 1282667.1 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

PALESE 

CITY 

Leonla 

STREET 

414 Highwood Avenue 



FIRST HAME 

Peter 



PENNLE & EDMONDS u, DOCKET NO. 7682-045-999 

MDOCEHAME 



STATE OR FOREIGN COUNTRY" 

New Jersey 

CITY 

Leonia 



SIGNATURE OF INVESTOR 2 



COUNTRY OF CITIZENSHIP 

United States of America 



STATE OR COUNTRY 

New Jersey 



zxrcooE 
07065 



KT2- 12S2667.1 



PENNIE& EDMONDS u> DOCKET NO. 7682-045-999 



DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION* 



low narned inventor, I hereby declare that: 

idenccU office address and citizenship are as stated below at 201 et seq. beneath my name. 

^.^^^ 

.' RECOMBINANT RSV EXPRESSION SYSTEMS AND VACCINES 

r which a patent application: , » j 

^InSn^^^ 

ll^CT^ 

>y state that I have reviewed and understand the contents of the above identified application, including the claims, as amended by any 
Lmcnt referred to above. 

: application on which priority is claimed: 

„^,^ ^t,^ IF ANY FIT FO PRIOR TO THE FILIN G PATH OF THE APPLICATION 

' nn rAD rrv 



APPLICATION NUMBER 



COUNTRY 



DATE OF FILING 
(day, month, year) 



YES o 
YES Q 



PRIORITY 
CLAIMED 

NO a 



NO a 



YES o N O a 

- j c*«* rv,,u s 1 1 *m of anv United States provisional application(s) listed below, 
eby claim the benefit under Title 35, United States Code, § 1 19(e) of any un ueaa P ^ 

FILING DATE 



PROVISIONAL APPLICATION NUMBER 



/060.153 
7084,133 
,7089,207 



Se ptember 26, 1997 
May 1, 1998 
June 12, 1998 



rebyclaimthebenefuunde^^ 

ter of each of the claims of this m^^^^^^£a^L^S«S^an known to me whicK is matenal to P*"^* 

ional or PCT international filing date of this application: 



NON-PROVISIONAL 
APPLICATION SERIAL NO. 



8/316,439 



FILING DATE 



STATUS 



PATENTED 




PENDING 



ABANDONED 



• for use only when the application is assigned to a company, partnership or other organization. 

NY2- 1233664.1 



PENNIE & EDMONDS u* DOCKET NO. 7682-045-999 



reby declare that all statements made herein of my °-J^ 2Sf « ' 

5 veS to be true; and further that these ««^ s ™^ and that such willful false statements 
tshable by fine or imprisonment, or both, under Section lUOl ° <» 
r jeopardize the validity of the application or any patent issuing thereon. 



FULL NAME 



LAST NAME 

Jin 



FTRSTNAME 

Hong 



MIDDLE NAME 



OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



CITY 

Cupertino 

STREET 

22385 Santa Paula Avenue 

SIGNATURE OF INVENTOR. M » 



LAST NAME 

Tang 

CITY 

San Carlos 

STREET 

730 Chestnut Street 

SIGNATURE OF INVENTOR. 202 



LAST NAME 

Li 

CITY 

Palo Alto 

STREET 

4290 WilkieWay 

SIGNATURE Of COVENTOR 203 



STATE OR FOREIGN COUNTRY 

California' 

CITY 

Cupertino 



FIRST NAME 

Roderick 

STATE OR FOREIGN COUNTRY 

California 

OTY 

San Carlos 



ftRSTNAMS . 

Shengiang 

STATE OR FOREIGN COUNTRY 

California 

CITY 

Palo Alto 



COUNTRY OP CITIZENSHIP 

People's Republic of Chin?. 



STATE OR COUNTRY 

California 



MIDDLE NAME 



ZIPCOOE 

95014 



COUNTRY OF CITIZENSHIP 

Malaysia 

STATE OR COUNTRY j ZffCOOB 

California I 94070 



MIDDLE NAME 
COUNTRY OF CTTTZENSHIP 

People's Republic of China 

ZIPCOOE 

94306 



STATE OR COUNTRY 

California 



DATE 



2 
0 
4 



2 
0 
5 



FULL NAME 
OF fNVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

Bryant 

CTTY 

Carlisle 

STREET 

65 Hickory Lane 



SIGNATURE Of COVENTOR 204 
LAST NAME 

Palese 



CTTY 

Leonia 
street 

414 Highwood Avenue 

signature of INVENTOR Tffi 



FIRST NAME 

Martin 

STATE OR FOREIGN COUNTRY 

Massachusetts 

CTTY 

Carlisle 




FIRST NAME 

Peter 

STATE OR FOREIGN COUNTRY 

New Jersey 

OTY 

Leonia 



MIDDLE NAME 
COUNTRY OF CTTTZENSHIP 

United States of America 

STATE OR COUNTRY I ZffCOOe 

Massachusetts I 01741 

DATE 

MID OLE NAME 



COUNTRY OF CmZENSJCJ 

United States of America 

STATE OR COUNTRY I ZXPCOOE 

New Jersey I 07605 

DATE 




vrv-l _ 1-JJT2667.1 



FULL NAME 
OF INVENTOR 



LAST NAME 

Clarke 



PENNTE & EDMONDS lu> DOCKET NO. 7682-045-999 



FStST NAME 

David 



Kirkwood 



2 
0 
6 



RESIDENCE & 
CITIZENSHIP 



aiY 
Chester 



STATE ORFOR£IC*< COUNTRY 

New York 



COUNTRY OF CmZENSHff 

United Kingdom/ United States 



POST OFFICE 
ADDRESS 



STREET 

30 Whispering Hills 



CTTY 

Chester 



New York 



10918 



SIGNATURE OP INVENTOR 205 



I 



PENNIE & EDMONDS up DOCKET NO. 7682-045-999 



DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION* 



ow named inventor, I hereby declare that: 

lence, post office address and citizenship are as stated below at 201 et seq. beneath my name. 

RECOMBINANT RSV EXPRESSION SYSTEMS AND VACCINES 

which a patent application: 

l^PCT^ l9 °° 

f state that I have reviewed and understand the contents of the above identified application, including the claims, as amended by any 
cent referred to above. 

^.th^toobetos.,^...^ 

ipplication on which priority is claimed: 




: .tab. of ft. d»i>» of. this to to. whici i. mart* » V****" 

ml or PCT international filing date of this application: _ 



NON-PROVISIONAL 
PLICATION SERIAL NO. 



FILING DATE 



• for use on!y when the application is assigned to a company, partnership or other organization. 



m NY2- 1282667.1 



t 



PENNIE & EDMONDS uj DOCKET NO. 7682-045.999 



jeopardize the validity of *e application or any patent issuing thereon. 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

JIN 

are 
Cupertino 

STREET 

22385 Santa Paula Avenue 

SIGNATURE OF INVENTOR 20 1 



FIRST HAMS 

Hong 

STATE OR FOREIGN COUNTRY 

California 

crrY 
Cupertino 



Mm OLE NAME 
COUNTRY OF OrtZENSHI? 

People's Republic of China 

STATE OR COUNTRY I ZIPCOOE 

California I 95014 

DATE 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

TANG 

CTTY 

San Carlos 

STREET 

730 Chestnut Street 

SIGNATURE OF INVENTOR 202 



FIRST NAME 

Roderick 

STATE OR FOREIGN COUNTRY 

California 

cmr 
San Carlos 



MIDDLE NAME 
COUNTRY OF OTIZENSHIP 

Malaysia 

STATE OR COUNTRY 

California 

DATE 



21? COOS 

94070 



FULL NAME 
OF INVENTOR 

RESIDENCE &. 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

LI 

CTTY 

Los Altos 

STREET 

718 Terrace Court 

SIGNATURE OF INVENTOR 203 



FIRST NAME 

Shengqiang 

STATS OR FOREIGN COUNTRY 

California 

CTTY 

Los Altos 



MID OLE NAME 
COUNTRY OF CTT!ZENSHI? 

People's Republic of China 

STATE OR COUNTRY I ZIP CODE 

California I 94024 

DATE 



FULL NAME 
OF INVENTOR 

RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

BRYANT 

CTTY 

Carlisle 

STREET 

65 Hickory Lane 

SIGNATURE OF INVENTOR 204 



FIRST NAME 

Martin 

STATE OR FOREIGN COUNTRY 

Massachusetts 

cmr 
Carlisle 



MEDDLE NAME 
COUNTRY OF OTIZENSHI? 

United States of America 

STATE OR COUNTRY I ZIPCOOE 

Massachusetts I 01741 

DATE 



2 
0 
5 



FULL NAME 
OF INVENTOR 



RESIDENCE & 
CITIZENSHIP 

POST OFFICE 
ADDRESS 



LAST NAME 

CLARKE** 



cmr 
Chester 

STREET 

30 Whispering Hills 

SIGNATURE OF INVENTOR 203 



FIRST NAME 

David 

STATE OR FOREIGN COUNTRY 

New York 

err 
Chester 



MDOLENAME 

Kirfcwood 

COUNTRY OF CITIZENSHIP 

United Kingdom/United States of 
America 

STATE OR COUNTRY I ZIPCOOE 

New York I 10918 

DATE 



MY^- 1282667.1 



) 



PENNIE Sc EDMONDS llp DOCKET NO. 7682-045-999 
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PENNIE & EDMONDS llp DOCKET NO. 7682-045-999 
DECLARATION FOR NON-PROVISIONAL PATENT APPLICATION' 
below named inventor, I hereby declare that: 

•esidence, post office address and citizenship are as stated below at 201 et seq. beneath my name. 

ieve I am the original, first and sole inventor if only one name is listed at 201 below, or an original, fin* if plural namCS 

M^mt!^^^ot^ subject matter which is claimed and for which a patent is sought on the invention entitled 

RECOMBINANT RSV EXPRESSION SYSTEMS AND VACCINES 

for which a patent application: 

attached hereto and includes amendments) filed.on of^^*) ^ _„ . 

ufitedte A?Unted I States on September 25, 1998 as Application No. 09/161,122 

t amendments) filed on even date herewith ffwpUee&u) ... n/^r * io-„ „ . „, 

as filed as PCT international Application No. on and was amended under PCT Article 1 9 on 

reby state that I have reviewed and understand the contents of the above identified application, including the claims, as amended by any 
ndment referred to above. 



papf t«-t unppfrtM a PPT TnA_TIONfS\ IF ANY, FILED PRIOR TO THE FILING DATE 0 


F THE APPLICATION 


APPLICATION NUMBER 


COUNTRY 


DATE OF FILING 
(day, month, year) 


PRIORITY 
CLAIMED 








YES o NO a 








YES a NO o 








YES a NO □ 



ereby claim the benefit 



under Title 35, United States Code, § 1 19(e) of any United States provisional applications) listed below. 



PROVISIONAL APPLICATION NUMBER 



FILING DATE 



September 26, 1997 



iO/060,153 
iO/034,133 
50/089,207 



May 1, 1998 



June 12, 1998 




xional or PCT international filing date of this application: 



NON-PROVISIONAL 
APPLICATION SERIAL NO. 



08/3i6,439 



STATUS 



PENDING 



ABANDONED 




for use only when the application is assigned to a company, partnership or other organization. 

(1\ NY2 - 1233666.1 



PENN1E & EDMONDS ttf DOCKET NO. 7682-045-999 



rreby declare that all statements made herein of my own knowledge are true and that aH stotements made ^.^^^ 
ieved to be true; and further that these statements were made with the knowledge that wilful false statements and toelike so ^made are 
ushable by fine oTimprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements 
y jeopardize the validity of the application or any patent issuing thereon. 



r ULL NAMfc 
OF INVENTOR 1 


LAST NAME 

Jin 


FIRST NAME 

Hong 


| MIDDLE NAME 1 


RESIDENCE & 
CITIZENSHIP 


CITY 

Cupertino 


STATE OR FOREIGN COUNTRY 

California 


I COUNTRY OF CITIZENSHIP 1 

1 Peoples KepuoiiC'Oi Lnma , i 


POST OFFICE 
ADDRESS 


1 STREET 

22385 Santa Paula Avenue 


cmr 
Cupertino 


| STATE OR COUNTRY 1 CP CODE I 

1 California 1 sovu 4 * 1 




SIGNATURE OF INVENTOR 20 1 




I DATE 1 


FULL NAME 
OF INVENTOR 


1 LAST NAME 

I Tang 


FIRST NAME 

Roderick ' 


| MIDOLE NAME I 


RESIDENCE & 
CITIZENSHIP 


1 cmr 

1 San Carlos 


STATE Oft FOREIGN COUNTRY 

California 


[ COUNTRY OF CITIZENSHIP 1 

1 Malaysia | 


POST OFFICE 


1 STREET 

730 Chestnut Street 


CITY 

San Carlos 


1 STATE OR COUNTRY 1 ZIP CODE 1 

California | 94070 


1 SIGNATURE OF INVENTOR. 202 


1 DATE 1 


FULL NAME 
OF INVENTOR 


1 LAST NAME 
1 Li 


FIRST NAME 

Shengiang 


1 MIDOLE NAME 


RESIDENCE & 
CITIZENSHIP 


| CITY 

J Palo Alto 


STATE OR FOREIGN COUNTRY 

California 


I COUNTRY OF CrrCENSHIP 

1 People's Republic of China | 




1 STREET 

4290 Wilkie Way 


CITY 


STATE OR COUNTRY 1 EPCOOe 1 


POST OFFICE 


Palo Alto 


California | 94306 | 


j SIGNATURE OP INVENTOR 203 


I DATE 


FULL NAME 
OF INVENTOR 


1 LAST NAME 

j Bryant 


FIRST NAME 

Martin 


I MIDOLE NAME 


RESIDENCE & 
CITIZENSHIP 


I cmr 

1 Carlisle 


STATE OR FOREIGN COUNTRY 

Massachusetts 


1 COUNTRY OF U1UENSH1P 

1 United States of America 




1 STREET 

j 65 Hickory Lane 


CITY . 


~ [ STATE OR COUNTRY j ZffCOOE 


POST OFFICE 
ADDRESS 


Carlisle 


1 Massachusetts 01741 



SIGNATURE OF INVENTOR 204 



DATE 



FULL NAME 
OF INVENTOR 



LAST NAME 

Palese 



FIRST NAME 

Peter 



MIDDLE NAME 



RESIDENCE & 
CITIZENSHIP 



POST OFFICE 
ADDRESS 



CITY 

Leonia 

STREET 

4i4Highwood Avenue 



STATE OR FOREIGN COUNTRY 

New Jersey 

CITY 

Leonia 



COUNTRY OF CmZENSHI? «> 

United States of America 

STATE OR COUNTRY 1 EPCOOE 

New Jersey I 07605 



SIGNATURE OF INVENTOR 205 



DATE 



PENNIE & EDMONDS u* DOCKET NO. 7682-045-999 



FULL NAME 
OF INVENTOR 


LAST MAM* 

Clarke 


David 


MIDDLE NAME 

Kirkwood 


RESIDENCE & 


CTTY 

Chester 


STATE 0* FOREIGN COUNTRY 

New York 


COUNTRY Of CITIZENSHIP 

United Kingdom/ United States 


POST OFFICE 
ADDRESS 


STREET 

30 Whispering Hills 


CTTY 

Chester 


STATU OR COUNTRY I ZIPCOOE 

NewYork j 10918 




SIGNATOM OF INVENTOR. 205 / , . a 


DATE . 

I2.-.IH--0/ 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

» 

Application of: JINetal. 

Serial No.: 09/161,122 Group Art Unit: 1642 

Filed: September 25, 1998 Examiner: Brumback,B. 

For RECOMBINANT RSV EXPRESSION Attorney Docket No.: 7682-045-999 
SYSTEMS AND VACCINES 

CONSENT BY ASSIGNEE FOR CORRECTION OF 
INVENTORSHIP PURSUANT TO 37 C J.R. S 1.48faV51 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sin 

MEDIMMUNE VACCINES, Inc., having an office for transaction of 
business at 297 North Bernardo Avenue, Mountain View, California 94043, as an assignee 
of right, title and interest in, to and under the invention and U.S. patent application Serial 
No. 09/161,122, filed September 25, 1998, entitled "RECOMBINANT RSV EXPRESSION 
SYSTEMS AND VACCINES", hereby consents to amendment of the application to name 
the following actual inventors: Hong Jin, Roderick Tang, Shengqiang Ii, Martin Bryant, 
David Clarke, and Peter Palese. 

An Assignment of the application to AVIRON, Inc. executed by Hong Jin, 
Roderick Tang, Shengqiang Li, and Martin Bryant was recorded with the U.S. Patent & 
Trademark Office on April 16, 2001, on Reel 01 1706 at frame 0529. Attached hereto as 
Exhibit 1 is a Certificate of Amendment to Amended and Restated Certificate of 
v Incorporation certifying that the name of the corporation previously known as AVIRON, 
Inc. has been amended to MEDIMMUNE VACCINES, Inc. 

The undersigned is empowered to act on behalf of the assignee. 

I hereby declare that all statements made herein of my own knowledge are 
true, and that all statements made on information and belief are believed to be true; and 



- 1 . 



NY2-mnj7.i 



further, that these statements are made with the knowledge that willful false statements, and 
the like so made, are punishable by fine or imprisonment, or both, under Section 1001, Title - * 
18 of the United States Code, and that such willful false statements may jeopardize the 
validity of the application or any patent issuing thereon. 



Date: 




4 



Timothy R. Pearson 

Name of Signatory on behalf of 
MEDIMMUNE VACCINES, Inc. 

Vice President , Treasurer & Secr etary 
Title of Signatory 
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37ie J^irst 5tate 



I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OP THE STATE OP 
DELAWARE, DO HEREBY CERTIFY TEE ATTACHED IS A TRUE AND CORRECT 
COPY OF THE CERTIFICATE OF OWNERSHIP Or "AVIRON", FILED 4 IN THIS 
OFFICE ON THE FIFTEENTH DAY OF JANUARY, A.D. 2002, AT 4 O'CLOCK 
P.M. 

AND I DO HEREBY FURTHER CERTIFY THAT THE ANNUAL REPORTS HAVE 
BEEN FILED TO DATE. 

AND I DO HEREBY FURTHER CERTIFY THAT THE FRANCHISE TAXES 
HAVE BEEN PAID TO DATE. 



2600915 8100 




Harriet Srefth Yflniicr, Secrtory ef Sow 



AUTHENTICATION: 1681841 



020188821 



DATE: 03-21-02 



12 .23 : OS 



222 6S5 4480 



PAGE 
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DIVISION OF CORPORATIONS 
FX!*!} O4:00 fW 

020O23QS4 - 2600915 



CERTIFICATE OF OWNERSHIP AND MERGER 
OF 

APPLE MERGER CORP. 

WITH AND INTO 

AVIRON d" 

Under Section 253 
of tba n^^rwrrc General r-oreoratfrm T ^ 

certifies as fbw' Mtt * W * DelaWare ^""on CO* *^HporanVm"), hereby 

Janary/r^ioSSS-. w^T"* " * 'W^iewItrSors duly adopted as of 

^2oL' W rf 1 5°^^ ° f ^ Boatd Df of 'the Operation 

with rrapect lo the merger of the Corporation with «nd into Aviroxi: ^ 

«* , RESOLVED, that the Cofpcration be merged (the 
Merger 7 with and into Aviroa, with Avvoa «s the surviving 
corpcratjoo. on the terms and subject Co the conditions set forth in 
iheAgreeaent and Plan of Merger (the Ttferger AeraemcnT) 
^ 83 orDeeemberZ. 2001 in»n* McxJImnTwie. loc. fPt^n, 
^ feSer 3t ' Cn Av£ron ' thoMe ^ Is hereby approved: 

RESOLVED, dial at the effective time of the Merger 

1 • Each issued and outstanding share of capita] stock of the 
Cerpottton shall be converted into and become one validly issued, 
amy pad aod nonaxMssable share of common stock ofAviroB. as 
toe surviving corporation. 

2. Eiehahara of common stock (the "Sharea") of Aviroa 
Oat « owned by Parent, the Corporation or Aviroa shall 



2 20: as 



392 655 4480 
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t?OHAT f OiV TRiJoT WlUt TEA? " . (THL'j 3. 2CG2 2i:l6..S: 

391 S27 4287 



-.5. NO. 4363796. 22 F 4 

13=21 . n,di lBe . 



a^S^SS * T?!* "* *hall cease to exist, and 

«. axmderatjoo dull be delivered in exchange therefor 

2™ Kl S « nccrtoco with 2. aiov*. end other than SureT 
£2jr?tt ""P*"*** th= rigid to receive 1.075 validly 

ZEST 0 of P^^thstoding the foregoing, each 
holder of Shares exchanged pursuant to the Merger who would 

(^^fZ b€Ca to ""^ * cf a Parent Share 

(after takmg into account ill eertificau* represent** Shires 
dahvered by «ch bolder) shall receive, in Ueu thereat cash 
(without interest) in an amount equal to tueh fractional part of. 

«!^i^!S dp ^ y&cd ^^ fe » P «^Slure» 
"ported in the New York Qry edition of The Wall Street Journal 
tor, if not reported thereby, any other authoritative source) on the 
date pnor to the date of the Merger. 

ft* ~~.t.t. r 5 UR !5 : Thc Merger been approved by Medlmnruae fcc 



20:06 



302 655 44Q3 
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: tu " , / ll » Lle * «.nm 5.21 02 21 :16 31 " KO. 43€:7SCl/2 r 5 

13!22 " rvd,^. lBe . ^ _ B _ 

391 527 das? P.&l^B4 



IN WITNESS WHEREOF, the undersigned bzs duly exectrkrf A?, 

APPLE MERGER CORP. 
By:. 



Naihc 1 Davfd M. Matt 
Title: Chief Executive Officer 
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"Delaware 
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^He Jim 5rat€ 



I, HARRIET SMITH WINDSOR, SECRETARY OF STATE OF THE STATE. OP 
DELAWARE, DO HEREBY CERTIFY THE ATTACHED IS A TRDE AND CORRECT 
COPY OF THE RESTATED CERTIFICATE OF -AVIRON-, FILED IN THIS 
OFFICE ON THE FIFTEENTH DAY OF JANUARY, A.D. 2002, AT 4:01 
O'CLOCK P.M. 

AND I DO HEREBY FURTHER CERTIFY THAT TEE ANNUAL REPORTS HAVE 
BEEN FILED TO DATE. 

AND I DO HEREBY FURTHER CERTIFY THAT THE FRANCHISE TAXES 
HAVE BEEN PAID SO DATE. 




Harriet Smitfi Windier. Swear/ d Sate 

2600915 8100 ~*^Sr*V AUTHENTICATION: 1681842 

020188822 * DATE: 03-21-02 

1 28 !0 5 302 6SS 4483 PAGE 



POSATIOK TRVST KIUtTEAV 
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AMENDED AND RESTATED 
CERTTPICA-ne OF INCORPORATION 
OF 
AVIRON 

if 

Pwnuai to Sections 242 sad 245 of the 
General Corporation Law of Che State cf Delaware 

Aviron. a corporation organized and existing under the law* of the State of 
Delaware (th5 €- Corpcrxdcn^ hereby Certifies as follow*: 

FIRST: Tbs original Certificate of In cor p o ration of the Corporation was 
filed with the Secretary of State of the State of Delaware on March 7, 1596 trader the 
name Aviitm Merger Cotporadoo. The Corporation filed an Aixwided and Restated 
Certificate of Incorporation oa Jaly 16. 1996: an Amended and Restated Certificate of 
Incorporation on November 22. 1996; and a Certificate of Amendment of the Amended 
. and Routed Certificaie of Incorporation on My 10.2000, 

SECOND: The Amended and Restated Certificate of Inc o rp ora tion has been 
duly adopted in accordance with Sections 242 and 245 of die General Corporation law of 
the State ofDelawareby the direocr and the stockholder of the Corporation- . 

THIRD; The Certificate of Incorporation, as amended and restated, is 

hereby amended and restated to read in its entirety as follow*. 



!TKU! 3. 21" 02 2l:[7. ST. _.: li NO. 4363796:22 P 7 
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02002*094 - 2&00915 



A RTCL E * 
The name of the Corporation it: Avirun 

The address of the registered office of the Corporation in the State of 
Delaware is The Corporation Trust Company. Corporation Trust Center; 1209 Orange . 
Street, fa the City of Wilmington, County of New Castle 19801. The natpe of the 
Corporation's registered agent at such address is The Corporation Trust Compaay. 



ARTICLE m 

The purpose for which the Corporation is organized is to engage in any 
lawfnl acts or Activities for which corporations nay be organized under the General 
Corporation Law of the State of DeIa<Ure- 
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3Q2 655 4499 
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(THui 3. 21' 02 21:17/. ,.:i5 NO. 4565796:22 P 3 

TO S0S728ti66S3Seat3 P . eo 



ARTICLE IV 

The total number of shares of stock which the Corporation shall have 
authority to issue is one hundred shares of common stock, par value $,01, per share. 

ARTICLE V 

EI ecdons of directors need not be by ballot unless required by the by-laws 
of the Corporation. Any director may be removed from office either with or- without 
cause at any lime by the affirmative vote of the holders of a majority of the outstanding 
stock of ibe Corporation entitled to vote, given rt a meeting of the stockholder* called for 
that purpose, or by the consent of the holders of a majority of the cutstarx&ig stock of the 
Corporation entitled to vote, given in accordance with Section 228 of the General 
Corporation Lav of the State of Delaware. 

In furtherance and not in limitation of the power conferred upon the Board 
of Directors by lav, the Board of Directors shall have power to make, adopt alter, amend 
and repeal from time to time the by-laws of the Corporation, subject to the ri$ht of the 
stockholders eatided to vote with respect thereto to alter, ameod and repeal by-laws 
adopted by the Board of Directors, 

ARTICLE VP 

No director shall be liable to the Corporation or any of its stockholders for 
monetary damages for breach of fiduciary duty as a director, provided that the foregoing 
shall net eliminate or limit *ny liability thai may exist with respect to (1) a breach of the 
director** duty of loyalty to the Corporation or its stockholders, (2) acts or omissions not 
in good faith or which involve intentional misconduct or a knowing violation of law, (5) 
. liability under Section 174 of the Delaware General Corporation Law or (4) a transaction 
Crom which the director derived an improper personal benefit, it being the intention of the 
foregoing provision to eliminate the liability of the Corporation's directors to the 
Corporation or Its stockholders to the fullest event permitted by Section 102(b)(7) of the 
Delaware General Corporation Law. as In eff»ct on the date hereof and as such Section 
may be amended after the date hereof to the extent such amendment permits such liability 
to be further eliminated or limited. The Corporation shall indemnify to the fullest extent 
permitted by Section 145 of the Delaware General Corporation Law (as in effect on the 
date hereof and as such Section may be amended after the date hereof) each person that 
such Section snnts the Corporation the power to Indemnify. 



32 20:0? 



3e2 655 4483 



PAGE . 



CORPORATION TRUST H[UL TEA 
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(THlij 5. 2 i " 02 2 1 : 1 7. S . ...15. NO. 4363796 122 ? 9 



TO S85728H6S9368BI3 P. 04 



IN WITJJBSS WHSIEQF. Avlron has caused '^certificate to be execatod by 
its authorized officer, on dus/jTiay of January,'200Z. • 



AV3RON 



By: 




Name: Ctariene A- Friedman 
Title; Vice President. General Counsel 
tod Secretary 
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Tfiejirst State 



I, HARRIET SMITH WINDSOR, SECRETARY OF S T* T E Or THE STAT* OP 
DELAWARE, DO HEREBY CERTIFY THE ATTACKED IS A TRUE AND CORRECT 
COPY or TBE CERXIPICATR OP AMENDMENT OP ^RON", CHANGING ITS 
MAMS PRC* -AVIRON" TO "KEDIMMONE VACCINES, INC.", FILED IN THIS 
OFFICE ON THE TENTH DAT OP APRIL, JL.D. 2002, AT 11 O'CLOCK A.M. 

A PILED COPT OP THIS CERTIFICATE HAS SEEN FORWARDED SO THE 
NEW CASTLE COUNTY RECORDER OP DEEDS. 



2600915 8100 
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Marr;« SmlA Windsor, terror/ of Sate 

AUTHENTICATION: 1712941 

HATZ: 04-10-02 
302 655 5043 
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•.FORAnON TRUST 302-655-Sv' (WED! 4. i<T Oni :47~S~~. ,7, SO. 4S6206S309*? 



■ ^rcg gTAgr or statz 

BJVX3I0H Of COAPCUttrXOK? 
riZZD IX : CO AM O4S1QSZ0O2 
020229133 - 2S00P25 ' 



AVZROft 



and direct** AjT2?^!1!£^? C ^i^<W ^ ^Uriaj wid Aoeadmott to be 
Stockholm, i^rj^t^^^^^^^ W ™ Co^c cf iu SoU 

<*~, ^'-^^ - - 

The ncae of the Corporation ic MedZrnrattta Vaocioo«» Inc." 
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Applicacioa of: JIN et al. 
Serial No.: 09/161,122 
Filed: September 25, 1998 
For: RECOMBINANT RSV EXPRESSION 

SYSTEMS AND VACCINES 
Group Art Unic: 1642 
Attorney Docket No.: 7632-045-999 
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Application of: JIN cc al. 
Serial No.: 09/161,122 
Filed: September 25, 1998 
For: RECOMBINANT RSV EXPRESSION 
SYSTEMS AND VACCINES 

Group Art Unit: 1642 

Examiner: Brumback, B. 

Attorney Docket No. : 7682-045-999 
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SEQUENCE LISTING 

<110> Hong Jin et al. 

<120> Recombinant RSV Expression Systems and 
Vaccines 

<130> 7682-045 

<140> 09/161,122 
<141> 1998-09-25 

<160> 47 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 

<400> 1 r _ 

cgacgcatat tacgcgaaaa aatgcgtaca acaaacttgc ataaac 

<210> 2 
<211> 50 

<212> DNA . ' 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide 

. claaaaLtg gggcaaataa gaatttgata agtaccactt aaatttaact 

<210> 3 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 3 

ctagagttaa atttaagtgg tact 

<210> 4 
<211> 50 

<212> DNA \, ** 

<213> Artificial Sequence 

<220> 

<223> Oligonucleotide 



1 



i 



<400> 4 

tatcaaattc ttatttgccc catttttttg gtttatgcaa gtttgttgta 

<210> 5 
<211> 30 
<212> DNA 

<213> Artificial Sequence 

<220> ' 

<223> Oligonucleotide 

<400> 5 

cgcatttttt cgcgtaatat gcgtcggtac 

<210> 6 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 6 

gtattcaatt atagttatta aaaattaaaa atcatataat tttttaaata 

<210> 7 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 7 

acttttagtg aactaatcct aaagttatca ttttaatctt ggaggaataa 

<210> 8 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 8 

atttaaaccc taatctaatt ggtttatatg tgtattaact aaattacgag 

<210> 9 
<211> 46 
<212> DNA 

<213> Artificial Sequence 

<220> « 4 
<223> Oligonucleotide 

<400> 9 

atattagttt ttgacacttt ttttctcgtt atagtgagtc gtatta 



) 



<210> 10 
<211> 25 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 10 

agcttaatac gactcactat aacga 

<210> 11 
<211> 50 

<212> DNA 4 
<213> Artificial Sequence 

<220> 

<223> Oligonucleotide 
<400> 11 

gaaaaaaagt gtcaaaaact aatatctcgt aatttagtta atacacatat 

<210> 12 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220>. 

<223> Oligonucleotide 

<400> 12 / 

aaaccaatta gattagggtt taaatttatt cctccaagat taaaatg^ta 

<210> 13 
<211> 50 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 13 

actttaggat tagttcacta aaagttattt aaaaaattat atgattttta 

<210> 14 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 14 »4 

atttttaata actataattg aatactgca 

<210> 15 
<211> 17 
<212> DNA 



<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 15 

gtttaacacg tggtgag 

<210> 16 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 16 

acatataggc atgcacc 

<210> 17 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 17 

gcaaaatgga tcccatt 

<210> 18 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 18 

tggttggtat accagtgt 

<210> 19 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 19 

taccaagagc tcgagtca 

'<210> 20 
<211> 21 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Primer 
<400> 20 

ggtggccggc atggtcccag c 

<210> 21 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 

<400> 21 4 
tttaccatat gcgctaatgt 

<210> 22 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 22 

acgcgaaaaa atgcgtaca 

<210> 23 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 23 

acgagaaaaa agtggcaa 

<210> 24 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 24 

ctcaccacgt gttaaac 

<210> 25 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 



<400> 25 



ggtgcatgcc tatatgt 

<210> 26 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 26 

aatgggatcc attttgtcc 

<210> 27 <f 
<211> 19 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Primer 



<400> 27 

aacactggta taccaacca 

<210> 28 
<211> 20 
<212> DNA * 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 28 

acattagcgc atatggtaaa 

<210> 29 
<211> 2165 
<212> PRT 
<213> Virus 



<400> 29 










Met 


Asp 


Pro 


He 


He Asn Gly Asn 


1 








5 






Ser 


Tyr 


Leu 


Lys 


Gly Val 


He 


Ser 








20 








Ser 


Tyr 


He 


Phe 


Asn Gly 


Pro 


Tyr 




35 








40 


He 


Ser 


Arg 


Gin 


Asn Pro 


Leu 


He 




50 








55 




Asn 


He 


Thr 


Gin 


Ser Leu 


He 


Ser 


65 








70 






Leu 


Glu 


Glu 


Pro 


Thr Tyr 


Phe 


Gin 










85 






Met 


Thr 


Ser 


Ser 


Glu Gin 


He 


Ala 








100 








He 


Arg 


Arg 


Ala 


He Glu 


He 


Ser 




115 








120 



Ser Ala Asn Val Tyr Leu Thr Asp 

10 15 
Phe Ser Glu Cys Asn Ala Leu Gly 
25 30 
Leu Lys Asn Asp Tyr Thr Asn Leu 
45 

Glu His Met Asn Leu Lys Lys Leu 
60 

Lys Tyr His Lys Gly Glu He Lys 

75 80 
Ser Leu Leu .Met Thr Tyr Lys Ser 

90 35 
Thr Thr Arji L«*u Leu Lys Lys He 
105 HO 
Asp Val Lys Val Tyr Ala He Leu 
125 



6 
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Asn Lys Leu Gly Leu Lys Glu Lys Asp Lys He Lys Ser Asn Asn Gly 

130 135 140 

Gin Asp Glu Asp Asn Ser Val He Thr Thr He He Lys Asp Asp He 
145 150 155 160 

Leu Ser Ala Val Lys Asp Asn Gin Ser His Leu Lys Ala Asp Lys Asn 

165 170 175 

His Ser Thr Lys Gin Lys Asp Thr He Lys Thr Thr Leu Leu Lys Lys 

180 185 190 

Leu Met Cys Ser Met Gin His . Pro Pro. Ser Trp Leu He His Trp Phe 

195 ' 200 205 

Asn Leu Tyr Thr Lys Leu Asn Asn He Leu Thr Gin Tyr Arg Ser Asn 

210 215 220 

Glu Val Lys Asn His Gly Phe Thr Leu He Asp Asn Gin Thr Leu Ser 
425 230 235 240 

Gly Phe Gin Phe He Leu Asn Gin Tyr Gly Cys He Val Tyr His Lys 

245 250 255 

Glu Leu Lys Arg He Thr Val Thr Thr Tyr Asn Gin Phe Leu Thr Trp 

260 265 270 

Lys Asp He Ser Leu Ser Arg Leu Asn Val Cys Leu He Thr Trp He 

27s 280 285 

Ser Asn Cys Leu Asn Thr Leu Asn Lys Ser Leu Gly Leu Arg Cys Gly 

290 29S 300 

Phe Asn Asn Val lie Leu Thr Gin Leu Phe Leu Tyr Gly Asp Cys He 
305 310 315 320 

Leu Lys Leu Phe His Asn Glu Gly Phe Tyr He He Lys Glu Val Glu 

325 330 335 

Gly Phe He Met Ser Leu lie Leu Asn He Thr Glu Glu Asp Gin Phe 

340 345 350 

Arg Lys Arg Phe Tyr Asn Ser .Met Leu Asn Asn He Thr Asp Ala Ala 

355 360 36S 

Asn Lys Ala Gin Lys Asn Leu Leu Ser Arg Val Cys His Thr Leu Leu 

370 375 380 

Asa Lys Thr Val Ser Asp Asn He He Asn Gly Arg Trp He He Leu 
385 390 -395 400 

Leu Ser Lys Phe Leu Lys Leu He Lys Leu Ala Gly Asp Asn Asn Leu 

405 410 415 

Asa Asn Leu Ser Glu Leu Tyr Phe Leu Phe Arg He Phe Gly His Pro 

420 425 430 

Met Val Asp Glu Arg Gin Ala Met Asp Ala Val Lys He Asn Cys Asn 

435 440 445 

Glu Thr Lys Phe Tyr Leu Leu Ser Ser Leu Ser Met Leu Arg Gly Ala 

450 45S 460 

Phe He Tyr Arg He He Lys Gly Phe Val Ash Asn Tyr Asn Arg Trp 
465 ■ 470 475 . 480 

Pro Thr Leu Arg Asn Ala He Val Leu Pro Leu Arg Trp Leu Thr Tyr 

485 490 495 

Tyr Lys Leu Asn Thr Tyr Pro Ser Leu Leu Glu Leu Thr Glu Arg Asp 

500 SOS 510 

Leu He Val Leu Ser Gly Leu Arg Phe Tyr Arg Glu Phe Arg Leu Pro 

515 520 525 

Lys Lys Val Asp Leu Glu Met He He Asn Asp Lys Ala He Ser Pro 

530 535 .540 

Pro Lys Asn Leu He Trp Thr Ser Phe Pro Arg Asn Tyr Met Pro Ser 
54S 550 SS5 560 

His He Gin Asn Tyr He Glu His Glu Lys Leu Lys Phe Ser Glu Ser 

565 570 575 

Asp Lys Ser Arg Arg Val Leu Glu Tyr Tyr Leu Arg Asp Asn Lys Phe 
* 590 



580 585 
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Asn Glu cys Asp Leu Tyr Asn Cys Val Val Asn Gin Ser Tyr Leu Asn 

5 g 5 600 605 

Asn Pro Asn His Val Val Ser Leu Thr Gly Lys Glu Arg Glu Leu Ser 

610 615 620 

Val Gly Arg Met Phe Ala Met Gin Pro Gly Met Phe Arg Gin Val Gin 
625 630 635 

lie Leu Ala Glu Lys Met He Ala Glu Asn lie Leu Gin Phe Phe Pro 

645 650> 
Glu Ser Leu Thr Arg Tyr Gly Asp Leu Glu Leu Gin Lys lie Leu Glu 

660 665 
Leu Lys Ala Gly He Ser Asn Lys Ser Asn Arg Tyr Asn Asp Asn Tyr 

675 680 685 

Asn Asn Tyr He Ser Lys Cys Ser lie lie Thr Asp Leu Ser Lys Phe 

690 695 700 

Asn Gin Ala Phe Arg Tyr Glu Thr Ser Cys lie Cys Ser Asp Val Leu 
70S 710 715 

Asp Glu Leu His Gly Val Gin Ser Leu Phe Ser Trp Leu His Leu Thr 
725 730 735 



He Pro His Val Thr He He Cys Thr Tyr Arg His Ala Pro Pro Tyr 

740 745 
He Gly Asp. His He Val Asp Leu Asn Asn Val Asp Glu Gin Ser Gly 

760 7g 5 



Leu Tyr Arg Tyr His Met Gly Gly He Glu Gly Trp Cys Gin Lys Leu 

•7*7n 775 780 

Trp Thr He Glu Ala He Ser Leu Leu Asp Leu lie Ser Leu Lys Gly 

Lys Phe Ser He Thr 111 Leu He Asn Gly Asp Asn Gin Ser He Asp 

He Ser Lys Pro He Arg Leu Met Glu Gly Gin Thr His Ala Gin Ala 

820 825 
Asp Tyr Leu Leu Ala Leu Asn Ser Leu Lys Leu Leu Tyr Lys Glu Tyr 

835 840 845 • 

Ala Gly He Gly His Lys Leu Lys Gly Thr Glu Thr Tyr He Ser Arg 

850 855 860 

Asp Met Gin Phe Met Ser Lys Thr He Gin His Asn Gly Val Tyr Tyr 
865 870 875 



Pro Ala Ser He Lys Lys Val Leu Arg Val Gly Pro Trp lie Asn Thr 

885 890 
He Leu Asp Asp Phe Lys Val Ser Leu Glu Ser He Gly Ser Leu Thr 

900 905 
Gin Glu Leu Glu Tyr Arg Gly Glu Ser Leu Leu Cys Ser Leu He Phe 

915 9 20 9 . tt- 

Arg Asn Val Trp Leu Tyr Asn Gin lie Ala Leu Gin Leu Lys Asn His 

Ala Leu Cys Asn Asn Lys Leu Tyr Leu Asp lie Leu Lys Val Leu Lys 

945 950 955 

His Leu Lys Thr Phe Phe Asn Leu Asp Asn He Asp Thr Ala Leu Thr 

965 970 
Leu Tyr Met Asn Leu Pro Met Leu Phe Gly Gly Gly Asp Pro Asn Leu 

Leu Tyr Arg III Phe Tyr Arg Arg Thr Pro Asp Phe Leu Thr Glu Ala 

995 1° 00 °* . . 

He Val His Ser Val Phe He^eu Ser Tyr Tyr Th^Asn Has Asp Leu 

Lys As^Lys Leu Gin Asp Leaser Asp Asp Ar^Leu Asn Lys Phe Le^ 

Thr'cys He He Thr l£°A.p 1*. *» Ala Glu Phe Va.l^hr 



104S 1050 
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Leu Met Arg Asp Pro Gin Ala Leu Gly Ser Glu Arg Gin Ala Lys lie 

10S0 1° 65 1070 

Thr Ser Glu He Asn Arg Leu Ala Val Thr Glu Val Leu Ser Thr Ala 

1075 1080. 1085 

Pro Asn Lys He Phe Ser Lys Ser Ala Gin His Tyr Thr Thr Thr Glu 

1090 1095 1100 

He Asp Leu Asn Asp He Met Gin Asn He Glu Pro Thr Tyr Pro Hxs 
1105 1110 HIS , , 1120 

Gly Leu Arg Val Val Tyr Glu Ser Leu Pro Phe Tyr Lys Ala Glu Lys 

1125 113° 113S 

He Val Asn Leu He Ser Gly Thr Lys Ser He Thr Asn He Leu Glu 

1140 H45 II 50 

Lys Thr Ser Ala He Asp Leu Thr Asp He Asp Arg Ala Thr Glu Met 

1155 1160 H 65 

Met Arg Lys Asn He Thr Leu Leu He Arg He Leu Pro Leu Asp Cys 

1170 1175 1180 

Asn Arg Asp Lys Arg Glu He Leu Ser Met Glu Asn Leu Ser He Thr 
1185 1190 H95 "00 

Glu Leu Ser Lys Tyr Val Arg Glu Arg Ser Trp Ser Leu Ser Asn He 

1205 1210 1215 

Val Gly Val Thr Ser Pro Ser He Met Tyr Thr Met Asp He Lys Tyr 

1220 1225 1230 

Thr Thr Ser Thr He Ser Ser Gly He He He Glu Lys Tyr Asn Val 

1235 1240 1245 

Asn Ser Leu Thr Arg Gly Glu Arg Gly Pro Thr Lys Pro Trp Val Gly 

1250 - 1255 I 260 

Ser Ser Thr Gin Glu Lys Lys Thr Met Pro Val Tyr Asn Arg Gin Val 
1265 1270 1275 J 280 

Leu Thr Lys Lys Gin Arg Asp Gin lie Asp Leu Leu Ala Lys Leu Asp 

1285 1"° 1295 

Trp Val Tyr. Ala Ser He Asp Asn Lys Asp Glu Phe Met Glu Glu Leu. 

1300 1305 > 1310 

Ser He Gly Thr Leu Gly Leu Thr Tyr Glu Lys Ala Lys Lys Leu Phe 

1315 1320 1325 

Pro Gin Tyr Leu Ser Val Asn Tyr Leu His Arg Leu Thr Val Ser Ser 

1330 1335 1340 

Arg Pro Cys Glu Phe Pro Ala Ser He Pro Ala Tyr Arg Thr Thr Asn 
1345 1350 1355 1360 

Tyr His Phe Asp Thr Ser Pro He Asn Arg lie Leu Thr Glu Lys Tyr 

1365 1370 1375 

Gly Asp Glu Asp He Asp He Val Phe Gin Asn Cys He Ser Phe Gly 

1380 1385 1390 

Leu Ser Leu Met Ser Val Val Glu Gin Phe Thr Asn Val Cys Pro Asn 

13gs 1400 1405 

Arg He He Leu He Pro Lys Leu Asn Glu He His Leu Met Lys Pro 

1410 1415 1420 . 

Pro He Phe Thr Gly Asp Val Asp He His Lys Leu Lys Gin Val He 
142S 1430 1435 1*40 

Gin Lys Gin His Met Phe Leu Pro Asp Lys He Ser Leu Thr Gin Tyr 
1445 I 450 1455 , 

Val Glu Leu Phe Leu Ser Asn Lys Thr Leu Lys Ser Gly Ser Hxs Val 

1460 14-55 I 470 

Asn Ser Asn Leu He Leu Ala His Lys He Ser Asp Tyr Phe His Asn 
-,1475 1480 1485 



Thr Tyr' He Leu Ser Thr Asn Leu Ala Gly His Trp He Leu He He 

1490 J 
Gin Leu Met Lys Asp Ser 1 
1505 1510 



1490 1495 1500 

Gin Leu Met Lys Asp Ser Lys Gly He Phe Glu^Lys Asp Trp Gly Olu^ 
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Gly Tyr He Thr Asp His Met Phe He Asn Leu Lys Val Phe Phe Asn 

1525 153° 1535 

Ala Tyr Lys Thr Tyr Leu Leu Cys Phe His Lys Gly Tyr Gly Lys Ala 

1540 1545 1550 

Lys Leu Glu Cys Asp Met Asn Thr Ser Asp Leu Leu Cys Val Leu Glu 

1555 1560 1565 

Leu He Asp Ser Ser Tyr Trp Lys Ser Met Ser Lys Val Phe Leu Glu 

1570 . 1575 . I s80 

Gin Lys Val He Lys Tyr He Leu Ser Gin Asp Ala Ser Leu His Arg 
1585 1590 IS" 1600 

Val Lys Gly Cys His Ser Phe Lys Leu Trp Phe Leu Lys Arg Leu Asn 

1605 1610 1615 . 

Val Ala Glu Phe Thr Val Cys Pro Trp Val Val Asn He Asp Tyr Hxs 

1620 16 25 1630 

Pro Thr His Met Lys Ala He Leu Thr Tyr He Asp Leu Val Arg Met 

1635 16*0 1645 

Gly Leu He Asn He Asp Arg He His He Lys Asn Lys His Lys Phe 

1650 1655 1660 

Asn Asp Glu Phe Tyr Thr Ser Asn Leu Phe Tyr He Asn Tyr Asn Phe 
1665 1670 1675 1680 

Ser Asp Asn Thr His Leu Leu Thr Lys His He Arg He Ala Asn Ser 

1685 169° 1695 

Glu Leu Glu Asn Asn Tyr Asn Lys Leu Tyr His Pro Thr Pro Glu Thr 

1700 1705 1710 

Leu Glu Asn He Leu Ala Asn Pro He Lys Ser Asn Asp Lys Lys Thr 

1715 1720 1725 

Leu Asn Asp Tyr Cys He Gly Lys Asn Val Asp Ser He Met Leu Pro 

1730 1735 1740 

Leu Leu Ser Asn Lys Lys Leu He Lys Ser Ser Ala Met He Arg Thr 
1745 1750 1755 1760 

Asn Tyr Ser Lys Gin Asp Leu Tyr Asn Leu Phe Pro Met Val Val He 

1765 1770 1775 

Asp Arg He He Asp His Ser Gly Asn Thr Ala Lys Ser Asn Gin Leu 

1780 1785 • 1790 

Tyr Thr Thr Thr Ser His Gin He Ser Leu Val His Asn Ser Thr Ser 

1795 1800 1805 

Leu Tyr Cys Met Leu Pro Trp His His He Asn Arg Phe Asn Phe Val 

1810 1815 1820 

Phe Ser Ser Thr Gly Cys Lys He Ser He Glu Tyr He Leu Lys Asp 
1825 1830 1835 1840 

Leu Lys He Lys Asp Pro Asn Cys He Ala Phe He Gly Glu Gly Ala 

1845 1850 
Gly Asn Leu Leu Leu Arg Thr Val Val Glu Leu His Pro Asp He Arg 

I860 1865 187 ° T , • 

Tyr He Tyr Arg Ser Leu Lys Asp Cys Asn Asp His Ser Leu Pro He 

1875 1880 1885 

Glu Phe i.eu Arg Leu Tyr Asn Gly His He Asn He Asp Tyr Gly Glu 

1890 1895 1900 

Asn Leu Thr He Pro Ala Thr Asp Ala Thr Asn Asn He His Trp Ser 
1905 1910 1915 1920 

Tyr Leu His He Lys Phe Ala Glu Pro He Ser Leu Phe Val Cys Asp 

1925 1930 1935 

Ala Glu Leu Ser Val Thr'Val Asn Trp Ser Lys He He He Glu Trp 



Ser Lys His Va^Arg Lys Cys Lys Tyr'cys Ser Ser Val Asn Lys Cys 

1955 I960 I 965 ^ 

Met Leu lie Val Lys Tyr His Ala Gin Asp Asp He Asp Phe Lys Leu 
1970 1975 "80 



1945 1950 
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Asp Asn lie Thr lie Leu Lys Thr Tyr Val Cys Leu Gly Ser Lys Leu 
1985 1990 199S 2000 

Lys Gly Ser Glu Val Tyr Leu Val Leu Thr lie Gly Pro Ala Asn lie 

2005 2010 2015 

Phe Pro Val Phe Asn Val Val Gin Asn Ala Lys Leu lie Leu Ser Arg 

2020 2025 2030 

Thr Lys Asn Phe lie Met Pro Lys Lys Ala Asp Lys Glu Ser He Asp 

2035 2040 2045 

Ala Asn He Lys Ser Leu lie Pro Phe Leu Cys Tyr Pro He Thr Lys 

2050 2055 2060 

Lys Gly He Asn Thr Ala Leu Ser Lys Leu Lys Ser Val Val Ser Gly 
2065 2070 2075 2080 

Asp He Leu Ser Tyr Ser He Ala Gly Arg Asn Glu Val Phe Ser Asn 

2085 2090 2095 

Lys Leu He Asn His Lys His Met Asn He Leu Lys Trp Phe Asn His 

2100 2105 2110 

Val Leu Asn Phe Arg Ser Thr Glu Leu Asn Tyr Asn His Leu Tyr Met 

2115 2120 2125 

Val Glu Ser Thr Tyr Pro Tyr Leu Ser Glu Leu Leu Asn Ser Leu Thr 

2130 2135 2140 

Thr Asn Glu Leu Lys Lys Leu He Lys He Thr Gly Ser Leu Leu Tyr 
2145 2150 2155 2160 

Asn Phe His Asn Glu 
2165 

<210> 30 
<211> 2165." 
<212> PRT 
<213> Virus 

<400> 30 „ L - 

Met Asp Pro He He Asn Gly Asn Ser -Ala Asn Val Tyr Leu Thr. Asp 

1 5 '10 15 

Ser Tyr Leu Lys Gly Val He Ser Phe Ser Glu Cys Asn Ala Leu Gly 

20 25 30 

Ser Tyr He Phe Asn Gly Pro Tyr Leu Lys Asn Asp Tyr Thr Asn Leu 

35 40 45 

He Ser Arg Gin Asn Pro Leu He Glu His Met Asn Leu Lys Lys Leu 

50 55 60 

Asn He Thr Gin Ser Leu He Ser Lys Tyr His Lys Gly Glu He Lys 
65 70 75 80 

Leu Glu Glu Pro Thr Tyr Phe Gin Ser Leu Leu Met Thr Tyr Lys Ser 

85 9° 95 , 

Met Thr Ser Ser Glu Gin He Ala Thr Thr Asn Leu Leu Lys Lys He 

100 105 HO 

He Arg Arg Ala He Glu He Ser Asp Val Lys Val Tyr Ala lie Leu 

115 120 125 . 

Asn Lys Leu Gly Leu Lys Glu Lys Asp Lys He Lys Ser Asn Asn Gly 

130 135 140 

Gin Asp Glu Asp Asn Ser Val He Thr Thr He He Lys Asp Asp He 
145 150 I 55 

Leu Ser Ala Val Lys Asp Asn Gin Ser His Leu Lys Ala Asp Lys Asn 

'* 165 I 70 17S 

His Ser Thr Lys Gin Lys Asp Thr He Lys Thr Thr Leu Jeu Lys Lys 

180 I 85 190 

Leu Met Cys Ser Met Gin His Pro Pro Ser Trp Leu lie His Trp Phe 
!9 5 200 205 
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■n Leu Tyr Thr Lys Leu Asn Asn lie Leu Thr Gin Tyr Arg Ser Asn 

210 215. 220 

.u Val Lys Asn His Gly Phe Thr Leu lie Asp Asn Gin Thr Leu Ser 
:5 230 235 240 

.y Phe Gin Phe lie Leu Asn Gin Tyr Gly Cys lie Val Tyr Hxs Lys 

245 250 255 

.u Leu Lys Arg He Thr Val Thr Thr Tyr Asn. Gin Phe Leu Thr Trp 

260 265 270 

rs Asp He Ser Leu Ser Arg Leu Asn Vsl Cys Leu He Thr Trp lie 

275 280 285 

ir Asn Cys Leu Asn Thr Leu Asn Lys Ser Leu Gly Leu Arg Cys Gly 

290 295 300 

le Asn Asn Val He Leu Thr Gin Leu Phe Leu. Tyr Gly Asp Cys He 
55 310 315 320 

iu Lys Leu Phe His Asn Glu Gly Phe Tyr He He Lys Glu Val Glu 

325 330 33 

Ly Phe He Met Ser Leu He Leu Asn He Thr Glu Glu Asp Gin Phe 

340 545 3 50 

rg Lys Arg Phe Tyr Asn Ser Met Leu Asn Asn He Thr Asp Ala Ala 

355 360 365 

sn Lys Ala Gin Lys Asn Leu Leu Ser Arg Val Cys His Thr Leu Leu 

sp Lys Thr Val Ser Asp Asn He He Asn Gly Arg Trp He He Leu 

395 400 
Asn 

405 410 415 



85 390 
eu Ser Lys Phe Leu Lys Leu He Lys Leu Ala Gly Asp Asn Asn Leu 



sn Asn Leu Ser Glu Leu Tyr Phe Leu Phe Arg lie Phe Gly Has Pro 

420 425 430 

et Val Asp Glu Arg Gin Ala Met Asp Ala Val Lys lie Asn Cys Asn 

435 440 445 

lu Thr Lys Phe Tyr Leu Leu Ser Ser Leu Ser, Met Leu. Arg Gly Ala 

450 455 ; 460 

he He Tyr Arg He He Lys Gly Phe Val Asn Asn Tyr- Asn Arg Trp 
55 470 475 • 4 80 

'ro Thr Leu Arg Asn Ala lie Val Leu Pro Leu Arg Trp Leu Thr Tyr 

485 490 495 

Yr Lys Leu Asn Thr Tyr Pro Ser Leu Leu Glu Leu Thr Glu Arg Asp 

500 505 510 

,eu He Val Leu Ser Gly Leu Arg Phe Tyr Arg Glu Phe Arg Leu Pro 

515 520 525 

,ys Lys Val Asp Leu Glu Met He He Asn Asp Lys Ala He Ser Pro 

530 535 540 

>ro Lys Asn Leu lie Trp Thr Ser Phe Pro Arg Asn Tyr Met Pro Ser 

lis He Gin Asn Tyr lie Glu His Glu Lys Leu Lys Phe Ser Glu Ser 

565 570 575 

^sp Lys Ser Arg Arg Val Leu Glu Tyr Tyr Leu Arg Asp Asn Lys Phe 

580 585 59 

vsn Glu Cys Asp Leu Tyr Asn Cys Val Val Asn Gin Ser Tyr Leu Asn 

595 600 605 

isn Pro Asn His Val Val Ser Leu Thr Gly Lys Glu Arg Glu Leu Ser 

61€* 615 
/al Gly Arg Met Phe Ala Met Gin Pro Gly Met Phe Arg Gin Val Gin 

III Leu Ala Glu Lys MeJ He Ala Glu Asn He Leu Gin Phe Phe Pro 

645 650 
3lu Ser Leu Thr Arg Tyr Gly Asp Leu Glu Leu Gin Lys He Leu Glu 

660 6« 670 
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He val Asn Leu n e Ser Glv Thr r 

«*» ^ ser 2<v er iie ti - *~ xi- ciu 

JlM*' 116 Le « rtr Asp 114 ^ Ala . «« 

Met Arc T Ve * . , hr Glu Me t 

^ *» r to Ile Thr eu Iie ^ iu Leu » M 
g,*. 2 Ile _ ser Mec iu «. ■ - 

««.Le„ SerlysIyrVal s 1195 ^ 

Val Gly val Th, S» " »« 

- J J EC ser Ile a** - - 

f^f. Thr Ile Se * Ser Gly n e ti* ti 1230 
1235 y ±XG lie- He Glu Lvs t>j~- * 

Asn s^r- t ~, 1240 - y T V* As n Val 

- £C " ^ S?.- My - - - V- val Gly 

2 ic z r ? - y ° Thr ~ ~ s.~- - - ~ 

Lj,s ^ Oln Arg Asp Gin II. »,„ , . 1280 
T ^V, 1Iyr 1290 U ^ S Asp 

Ser xu T *~ Si.** ° IU ^ «« 

- 3v. leu Gly ~ u - «. a ^ P. 

scr vai i,u ais ^ %p - - - 

*** Phe Asp ar Ser Pro u. Asn Ara HVi. ,u ««• 
, 1365 Cff. Leu Tht Olu lys Tyr 

i :: r -» ne - ~ vai &~ - - - - &c 

- j % ; iu pro a 1 - ^ ° iu - - - - 

1425 PhS Thr ASP Val Asp n e H is Lvs r T 

31 „ T 1430 Lys Leu Lvs Gin Val H e 

•1» Xor- Gl„ His „e t Pne ° Leu prc "35 f 

r*t „, ■ "45 ASP Ly f„ Ile Ser Leu Thr Gin Tyr 

31 ° 1U Leu "he Leu Ser Asn Lvs Thr Leu \ . 1455 

1460 7 yS Ser G1 y s « His Val 

« Ser Asn Leu ll e Leu Ala His lit r, «, "^0 
hr Tyr x\ 475 T "80^ 116 Ser ,^ Phe His Asn 

^Xle Leu Ser Thr As n Leu Ala civ His Trp Ile a . 

?C r Lys * - Lys Gly 116 Phe a* - - - - 

a ^ L " ^ i«o Ly " - - - S° 

9 ^ ^ Thr Tyr^ Leu Leu Cys Phe £ ° tv rl "35 
sleuM "40 9/3 Gly Tyr Gly Lys Ala 

8 Leu G1 " Cys Asp Met Asn Thr si I \ r ' 15s ° 

1555 > P ASn Th J Ser ASP Leu Leu Cys Val Leu oi„ 
1 He Asp Ser Spt- tw ^ , 1565 

1570 S6r ^ ZglYs ^r Met Ser Lys Val Phe Leu Glu 

1 Lys val He Lys Tyr He Leu Ser Gin Asp Iff ° S T 
5 1590 1595 

1600 
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Val Lys Gly Cys His Ser Phe Lys Leu Trp Phe Leu Lys Arg Leu Asn 

1605 1610 1615 

Val Ala Glu Phe Thr Val Cys Pro Trp Val Val Asn He Asp Tyr His 

1620 1625 1630 

Pro Thr His Met Lys Ala He Leu Thr Tyr He Asp Leu Val Arg Met 

1635 1640 1645 

Gly Leu He Asn He Asp Arg He His He Lys Asn Lys His Lys Phe 

1650 1655 1660 

Asn Asp Glu Phe Tyr Thr Ser Asn Leu Phe Tyr He Asn Tyr Asn Phe 
1665 1670 1675 1680 

Ser Asp Asn Thr His Leu Leu Thr Lys His He Arg He Ala Asn Ser 

1685 1690 1695 . 

Glu Leu Glu Asn Asn Tyr Asn Lys Leu Tyr His Pro Thr Pro Glu Thr 

1700 1705 1710 

Leu Glu Asn He Leu Ala Asn Pro He Lys Ser Asn Asp Lys Lys Thr 

1715 1720 1725 

Leu Asn Asp Tyr Cys He Gly Lys Asn Val Asp Ser He Met Leu Pro 

1730 1735 1740 

Leu Leu Ser Asn Lys Lys Leu He Lys Ser Ser Ala Met He Arg Thr 
1745 . 1750 1755 1760 

Asn Tyr Ser Lys Gin Asp Leu Tyr. Asn Leu Phe Pro Met Val Val He 

1765 1770 1775 

Asp Arg He He Asp His Ser Gly Asn Thr Ala Lys Ser Asn Gin Leu 

1780 1785 1790 

Tyr Thr Thr Thr Ser His Gin He Ser Leu Val His Asn Ser Thr Ser 

1795 , 1800 1805 

Leu Tyr Cys Met Leu Pro Trp His His lie Asn Arg Phe Asn Phe Val 

1810 1815 1820 

Phe Ser Ser Thr Gly Cys Lys He Ser He Glu Tyr He Leu Lys Asp 
1825 • 1830 1835 1840 

Leu Lys He Lys Asp Pro Asn Cys He Ala ; Phe He Gly Glu Gly Ala 

1845 1850 1855 

Gly Asn Leu Leu Leu Arg Thr Val Val Glu Leu His Pro Asp He Arg 

I860 1865 1870 

Tyr He Tyr Arg Ser Leu Lys Asp Cys Asn Asp His Ser Leu Pro He 

1875 1880 1885 

Glu Phe Leu Arg Leu Tyr Asn Gly His He Asn He Asp Tyr Gly Glu 

1890 1895 1900 

Asn Leu Thr He Pro Ala Thr Asp Ala Thr Asn Asn He His Trp Ser 
1905 1910 1915 1920 

Tyr Leu His He Lys Phe Ala Glu Pro He Ser Leu Phe Val Cys Asp 

1925 1930 1935 

Ala Glu Leu Ser Val Thr Val Asn Trp Ser Lys He lie He Glu Trp 

1940 1945 1950 

Ser Lys His Val Arg Lys Cys Lys . Tyr Cys Ser Ser Val Asn Lys Cys 

1955 1960 1965 

Met Leu He Val Lys Tyr His Aia Gin Asp Asp He Asp Phe Lys Leu 

1970 1975 1980 

Asp Asn He Thr He Leu Lys Thr Tyr Val Cys Leu Gly Ser Lys Leu 
1985 1990 1995 2000 

Lys Gly Ser Glu Val Tyr Leu Val Leu Thr He Gly Pro Ala Asn He 

kk 2005 2010 2015 

Phe Pro Val Phe Asn Val Val Gin Asn Aja Lys Leu He Leu Ser Arg 
*< 2020 2025 2030 

Thr Lys Asn Phe He Met Pro Lys Lys Ala Asp Lys Glu Ser He Asp 

2035 2040 2045 

Ala Asn He Lys Ser Leu He Pro Phe Leu Cys Tyr Pro He Thr Lys 
2050 2055 2060 
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Lys Gly He Asn Thr Ala Leu Ser Lys . Leu Lys Ser Val Val Ser Gly 
2065 2070 2075 2080 

Asp He Leu Ser Tyr Ser He Ala Gly Arg Asn Glu Val Phe Ser Asn 

2085 2090 2095 

Lys Leu He Asn His Lys His Met Asn He Leu Lys Trp Phe Asn His 

2100 2105 2110 

Val Leu Asn Phe Arg Ser Thr Glu Leu Asn Tyr Asn His Leu Tyr Met 

2115 2120 2125 

Val Glu Ser Thr' Tyr Pro Tyr Leu Ser Glu Leu Leu Asn Ser . Leu Thr 

2130 2135 2140 

Thr Asn Glu Leu Lys Lys Leu He Lys He Thr Gly Ser Leu Leu Tyr 
2145 2150 2155 2160 

Asn Phe His Asn Glu 

2165 4" 

<210> 31 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 31 

ggtggccggc atggtcccag c 21 

<210> 32 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

<22o> y' 

<223> Oligonucleotide 
<400> 32 

ctcgctggcg ccggctgggc aaca 24 

<210> 33 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 



<400> 33 

ttccgagggg accgtcccct cggt 

<210> 34 
<211> 24 
<212> DNA 

<213> Artificial Sequence 

♦* 

<220> 

<223> Oligonucleotide 
<400> 34 

aatggcgaat gggacgtcga cage 



24 



24 
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<210> 35 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 35 

taacaaagcc cgaaggaagc t 

<210> 36 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 36 

gagttgctgc tgccaccgtt g 

<210> 37 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 37 

agcaataact agataacctt ggg 

<210> 38 

<211> 24 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 

<400> 38 

cctctaaacg ggtcttgagg gtct 

<210> 39 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 

<400> 39 *« 
ttttgctgaa aggaggaact a 

<210> 40 
<211> 21 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 40 

tatgcggccg cgtcgacggt a 

<210> 41 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 41 

ccgggcccgc cttcgaag 

<210> 42 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 42 

caccacctac cttactcaag t . 

<210> 43 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 43 

tttgtttgtg ggtttgatgg ttgg 

<210> 44 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Primer 
<400> 44 

gatatcaaga tctacaataa cattggggca aatgc 

<*IQ> 45 
<211> 31 
<212> DNA 

<213> Artificial Sequence 



<220> 



<223> Primer 



<400> 45 

gctaagagat ctttttgaat aactaagcat g 

<210> 46 
<211> 46 
<212> DNA 

<213> Artificial Sequence ■ 
<220> 

<223> Oligonucleotide 

<400> 46 41 

tcttgactgt tgtggattgc agggttgact tgactccgat cgatcc 

<210> 47 
<211> 49 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide 
<400> 47 

cttgtgttgt tgttgtatgg tgtgtttctg attttgtatt gatcgatcc 
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VIRUS & ° m . lhe s P' cal f n , d of mucus-secreting cells in the sYlivary 

. glands and are delivered in high concentrations intr. r 

« , V^, Vo co "' i " ualion of Wlication Scr. No. 08/503,351 5 Throughout the course of rabies host inflammT™ „" 

hl=d Jul. 18. 1995. now abandoned. specific immune responses are ca%^£^^JS. 

BACKGROUND OF THE .NVENHON SJJSSSS^. 
The present invention is concerned with a genetically infec "on is largely concentrated in the immunologically 
manipulated infectious replicating non-segmented negative- io s «l ueste «o environment of the nervous system, 
stranded RNA virus mutant and a process for the preparation RV virions ,ike a " Rhabdoviruses are composed of two 
of such a mutant. major structural components: a nucleocapsid or ribonucle- 

Rabies virus (RV) is an example of a non-segmented ° pr °!!' n (RNP) C0 ". and an cnvc '°pc in the form of a bilaycr 
negative-stranded RNA virus of the Rhabdoviridae family mcmbraB f c ?, u ?° u ' ,d,0 S the RNP core. The infectious com- 
Other species belonging to this family are vesicular stoma- 15 f, • f f bab . dov,ruscs * the RNP core. The genomic 
litis virus (VSV), infectious hematopoietic necrosis virus * ° r / :lc S atlvc and thus cannot serve as a 

(IHNV) viral haemorrhagic septicaemia virus (VHS Eetved mcsscn S cr bul rc q<«<« its . own endogenous RNA poly- 
vinis). bovine ephemeral fever virus (BEFV), and soncbus mcraK for transcription of mRNA. The RNA genome is 
yellow net virus (SYNV). encapsidiied by the nucleocapsid (N) protein in combination 

Beside the family of Rhabdoviridae also viruses belone- 20 Z^n ?T ix \ ^-dependent R NA poly- 

ing to the Paramyxoviridae (e.g. sendai vims ^ „ °f- Z * ^ P hos P h °P r ° lc i" (P> >° form the RNP core, 
influenza virus (PIV) type 2 and 3. Newcastle dta£ W I^T^T COm P oncn < «»»*» two Proteins: an trans- 
(NDV). mumps vir4 (MUV). measles viV^ME^) nd loca^S at ,h? iSd^^ I ""S (M > P r0,c!n 
canine distemper virus (CDV)) and Filoviridae. and several fo Z V X ^L £l is 

v,ruses not assigned to a family (e.g. Borna disease virus- 25 KSv ,, attachment and membrane fusion in RV. 
RDV) have a nonsegmented neiative-strandtd RNA Sen, ° y " ^ ht h ° S ' iramuDe 



genome. 



The overall genomic organisation in the non-segmented S yS2 ofTsKneader RNA^nH 

negat.ve-stranded RNA viruses of the various families is 2™rf?J? Ji a , J ^ five """Koranic, 

comparable. Especially between the pwSSvS^nd 30 cnnflti i ^ P°'y a denylated roRNAs. During replication, the 

the rhabdoviridae. mere are only nrin^dKwi, tne ristT, ? asm 'T u s,0 P. and ««• si ^ls between the 

overall genomic organisation (Tordo et al lerntna^s in f by ^ V ' raI P° l >™"*- F« both the 

Virology 3: 341-357 199->j Seminars in tansenptase and the rephease reaction the presence of the 

. RVcaninfecta.lw^-b.oodedanimals.andinnearlyan 35 ^S^^ 

in death Dog rabies is still important in many parts of the as shown in FIG. 1. Each of the mRNAs of RV t EL i , , 
world: infected dogs .cause most of the estimated 75.000 immediately after ^pi^T^J^cJ^ 
human rabies cases that occur each year world-wide. In felly during re P IicatK«uh< 1%£££Z ' ™ ^ •" 

cZr^itZs^ in ,he • Uoi, - edsu,es <« « ^^^^ws^n'rK 

TteSit t,n r k T 8 - 10 ""P 0 " 40 "- Seoome. foUowed by the production of complete nTg fa e ! 

bur ,Lt " T ■ * " b,M Sre S,milar fa «ost species. stranded RNA which is also eocapsida.ed by the N L and P 

the 2 S Li? • "°. n ^» "Mta*. Following proteins. Finally, the newly assembled RNPcores Ste 

the bite of a rabid animal the incubation period is usually with M-prolein and G-prolein durum the assemblv ,*! 

andTuH 4 , Md 90 da>S> r bM ™ V * ^ « buddin SP— .eading'o the rele Tof fu.lTS d ,'2 

and incubation periods of over a year have been docu- infectious RV virions * 

Rabies vf n ,c J,llTlZ, 0 i. Clw,caI ^S 05 - Rabisin. Rhone-Merieux. For RV examples of such attenu- 

scratch ofT^ ■ . ° dy L° lbe . b " e ° f occasiona "y «* « viruses arc the vaccine strains SAD B19 and ERA 
^abid anim ' , tU ™ **"" ^ {r0m lMe,iwttd vaaJn « Senerally induce o^y a low Ievefof 

nerve «H j , 1Iowed ^ lnvas,on of P=npheral the neutralization inducing antigenic determinants of the 
cvtop. sm o? xo^ "loT™:? ° f Vfal geDOme i0 ' he P a "»S= n smavbccome altered by g .he inactivaTn^ealnt 

a^yS^S^^^ J^-'- a »,~ t > Hvc virus vaccines are preferred 

,gns 01 ncuf0na » because ihey evoke an immune response often based on both 
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humoral and cellular reactioas. However, durine cell culture mem *h ;„ « a . • * _ 

passaging uncontrolled mutations may be iotSScSS S 2 ^ o lhC template 

the viral genome, resulting in a population of virus P "id s RNA tr n^ * ? ^ ° V ° 9W3 W 

heterogeneous with regard to virulence and immunizing Tcic^^Z "fi T" gCn ° mC ****** 
properties. Over attenuation during passage in cell culture < P % 7 P 'I* pr0tCms ,n Vltr ° whic( i can be 

can also be a problem with these valines. One must achkve T r "^ l ,0SCthcr wi,h a hcl ^ r However 
a delicate balance bctweeo ensuring that the vaccine is not r °" nd . lhat this approach wasnot successful with RV 

virulent while making certain that it is still protective In * V,ruS havm * a non -*gmenlcd genome. Short model 
addition it is well known that such traditional attenuated live S cnomcs of V S v and RV lacking t5ic major part of the RNA 
vims vaccines can revert to virulence resulting in disease S cn0 ™ comprising the genes encoding the viral proteins 
outbreaks in inoculated animals and the possible spread of 10 . hc cnca P s * dale d and expressed by plasmid encoded 
the pathogen to other animals. proteins (Paltnaik, A. K. et a!, Cell 69, 1011-1020, 1992* 

Moreover, a problem with combined live viral vaccines is ^om^™' K * K * a " d M ' SchncI1 ' J - Virology 68, 713-719' 
the mutual influence of the antigenic components resulting J " a PP roa ch involved the compression of both the 

in a decrease of the potency of one or more of the consti- Scnome analogs optionally comprising reporter gene inserts 
luting components. 15 and Particular viral proteins from transfected plasmids in 

Furthermore, with currently administered live attenuated ^Z^/^^ f^f 1 * virus particles. Ballart et al. 
or inactivated RV vaccines it is not possible to determine dcscnbcd a mct ™ d t0 ob <*>n infectious measles vims, also 
whether a specific animal is a carrier of RV field virus or ^Va^'S RNA from cloned 

whether the animal was vaccinated. Hence, it can be impor- - f M ?.° '° U ™ ' 9: 379 " 384 < 1990 »' * Euro- 

tant to be able to discriminate between animals vaccinated ^* n ™ cn A PPl'ca«>on relating to this method was filed 
with a RV vaccine and those infected with a field virus so as ' " ' " °" C ° f lhc invcntors ' 
to be able to take appropriate measures to reduce spreading . h !b * papCf and lhe AppKwtioo were withdrawn 
of a virulent field virus. The introduction of for example a nowcvc . r > * ,ncc further research revealed that all supposed 
serologically identifiable marker can be achieved by intra- „ rccorab - na ni viruses were no recombinants. at all, but mere 
ducing a mutation in a gene encoding a (glyco-) protein of l"°Seny virus of the originally used vaccine strain. 
RV which normally give rise to the production of antibodies . 71,113 i{ musl bc concluded, that attempts to obtain infec- 
m an infected host animal. ^us recombinant negative-stranded RNA viruses with a 

It is desired to introduce a mutation into the RV RNA | af ? C ' non - sc Smented genome which necessitates manipu- 
genome in a controlled manner such that for example the 30 ° lhc enll " re S C00n3CS * havc failed until now. 
resulting mutant RV is attenuated or comprises a heterolo- cnuUAnv „ 

gous nucleic acid sequence encoding epitopes ot£S& S "MMARY OF THE INVENTION 

proteins, e.g. immunological marker proteins or antigens of ^ P resc nt invention provides a genetically manipulated 
pathogens. Recombinant DNA techniques are already infectious replicating non-segmented negative -stranded 
widely used for this purpose with DNA viruses and positive 35 RNA virus «u»nt, obtainable by recombinant DNA 
strand RNA viruses. Examples for recombinant DNA techniques, comprising an insertion and/or deletion in an 
viruses: Aujeszky virus (PRV); Adenoviruses; Vaccinia 0RF » pscudogene region or non<oding region of the RV 
viruses. Examples for recombinant positive-strand RNA S c nome. 

SZl* r ^^P^^&^fo^ vinis:H.V. More specifically the invention provides non-segmented 
Huang, C M. Rice, C. Xiong. S. Scblesinger (1939) RNA 40 ^gative-stranded RNA viruses of the paramyxo- and rhab- 
viruses as gene expression vectors. Virus Genes 3, 85-91) dovirus family. 

Picornayiruses (Polio virus, Hepatitis A-virus, Foot- and As explained above, there is a large homologv in ccnomic 
VirUS ; \ W *? ra0Dd and K " L Bu *e (1990) organisation between the m ^nS^^^^ 

^^^^^^^ ° f f0rCiSn ttti - RNA ™«<*' ^^n^otS^^^ 
S n'^ ' ^ 20) - DirCCtCd gCDCtlc ma *ipulation 45 in the process of replication, assembly, cell attachment Z 

reco^btlmU^T J*"* °° '° P roduCC **™ is these prated be referred to 

recombinant RN As which are accepted as a template by the further as "analogs". It may bc that the function of cTlll 

particular RNA-dependent RNA polymerases. Transcripts proteins of one family is united n one TrS in ano^r 

generated by many standard DNA^Jependent RNA poly- family. TT,is is e.g. the case with LT^m^J^f 

th TZlL miraickin S vira genomes are recognued by glycoprotein G of the Rhabdoviridac. In this case Se ^ 

Uil^ir^ ""W *™ d ' d RNA Pr ° lCinS ° f Ihc ° nC famU - v ^ bc »««*n:d a^Iogons of 

This aUowcd recovery of infecuous viruses or rcplicons lhc one protein of the other family 01 

translaiioa of (be viral polymerases m *Sf£Z °™> .^ U *°S™ K &™ or ooa<odiog region. This alter- 
be iniUated by introdSoHhe V • ? * ? t,on « suode ««>d to be acbaoge of ibe genetic information 

Moreover, and in contrast to positive stranded RNA viruses a-.;.- • u L 

•heir genomic or antigenomic RNA may no. fonC.TS h™,h °t ^ ^ ° I r ™ ore L nu . cI «"" I « «Pl«cd 
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resulting RVmutanVts still infectious and replicating i c he 22 S P «nfiL^h 8 " ^ ^ % ' aCCincs bm 

muunt RV is capable to infect susceptive ceKd t ^™fSto^££ ^ M& "* m ° m 

mutant RNA genome is capable of autonomously replication < c ' / dcs,rabIc * 

and transcription, i.e. no co-expression of RV N, P and L viruses can be made by e.g. mutation of the M-gene 

proteins is required. ' encoding the M(atrix-)protein. The M-protein plays a main 

It goes without saying, that also comprised in the present f°!, c m m e*assembly of the virus, whereas it additionally 

invention are mutant RVs capable of only one single round influences the incorporation and conformation of the glyco- 

of infection, followed by replication (Vide infra). protein G. 

The genomic organisation of different RV strains is iden- 10 w hen M<* } mutants, lacking a functional M-protein are 

tical. The nucleotide sequence and deduced amino acid &own in manipulated cells that produce the M-protein in 

sequence analysis of the vaccine strain SAD B19 and the trans, intact virus particles are made that behave ift" 

virulent strain PV have been determined (Conzelmano el ah, wild-type virus as far as their infectious character 

Virology 175,48:^99, 1990 and Tordoetal., Nucleic Acids their natural host is coac^^^l^S 9 

Res. 14, 2671-2683, 1986; Proc. Natl. Acad. Sci U.S.A. 83/> 15 host ceil however, ^Tno^mivtoS^ - 

3914-3918, 1986; Virology 165, 565-567, 1988). In Con- infectious viruses. since thev lack ihe o^rvnv ;nf rt ^, t : 

zclmann a al., 1990 (supra) i< is determined that the viral synthesize the M-protein 8 mformaupn to 

of the pathogenic PV strain. The location of the respective • incr f torc ' 10 a Purred embodiment the present inven- 

ORFs )P seudogene region and intergenic non-coding regions |I0 ° reIates 10 ™ insertion and/or deletion in the open 

in RV have been determined therein: the coding region of the * , S . mC c ° codin S *c matrix protein M, such that it 

RV N, P, M, G and L genes correspond with position. T 10 ! non ; functioi ] aI nurrix protein M, or even in the 
71-1423, 1514-2407, 2496-3104 3317-4891* 25 \ b ^ DCC of malnx P rolem M - mutant vimses with 

5414-11797, respectively. The pseudogene 'region (*) mans lhC n0n ." fun< ;S I0n t aI <* ^sent matrix protein M have to be 

at position 4961-5359, whereas the intergenic regions sepY- ? f0Wn . in " lh lha ! prOVldc a raalfix P rotein M analog in 

rating the five cistrons and which are flanked by non-coding f 10 °?? cr 10 P hcn ° l ypicaliy complement the virus, 

sequences containing transcriptional start and stop/poly* Alternatively, such viruses can be made by e.g. mutation 

adenylation signals map to positions 1483-1484- of lhc G *S cnc * ^ C-protein plays a main role earlv in 

2476-2480; 3285-3289; 5360-5383. Although the number- » f * cti on, « the process of cell attachment and. membrane 

ing and the nucleotide sequence of the ORFs, pseudogene ™ si0a > « mentioned before. 

region or non-coding regions of the parent RV strain used * l * possible to mutate the G-gcnc by insertion and/or 

herein to introduce a mutation is not necessarily the same as deletion (or even by deletion of the whole G-gcnc) to such 
that of the SAD B19 or PV strain, the above-mentioned 55 an cxlcnt lhaI lnc resulting G" mutant virus is no longer 

characterisations of these regions exactly define the locali- capable of successfully infecting other cells, due to heavily 

sation thereof on the genome of any RV strain. impaired (or even absent) glycoprotein G. Such mutants will 

A method to obtain an attenuated RV from a virulent briber bc rcfcrrcd to & G-minus (G*-) mutants, 

parental RV strain is to introduce the insertion and/or ta " nd of mutations of the G-gcnc is therefore more 
deletion in an ORF encoding a viral protein, for example 40 scvcrc lhan the mutation described before, that only lead to 

such that the activity of the viral protein for host cell decreased virulence: complete G" mutants arc not 

attachment and membrane fusion is modified, e.g. reduced. infectious, since they lack a functional glycoprotein G. 

It is known for RV that changes in the amino acid sequence If such G* mutant viruses arc grown in recombinant host 

of the trans-membrane glycoprotein G have significant cells complementing for the G-protein f progenv viruses are 

effects on the pathogenicity of the RV. In addition, with excreted that are phenotypically G-positive, but genotypi- 

regard to attenuation also changes in the matrix (M) protein callv G-negative. ' 

™>'|^ These viruses have an important advantage over 

an attenuation of the vims. Therefore, mutant RV compris- G-positive viruses: on the one hand they are capable of 

mS^^cTF" r CnCOdi ° S ^ G " M » inf "' in S -.ornamenting host cd^^tff^ 

protein are particularly preferred herein. the G-protein in their membrane. In the infected cells, the G^ 

Also composed in the present invention arc infectious mutant viruses replicate as wild-type viruses This has the 
replicating rabies virus mutants capable of only one single advantage that the whole viral genome, including heterolo- 
round or infection, followed by replication. The advantage gous genes cloned into the recombinant virus, is multiplied 
thereof is explained below: ^ and the encoded genome products will be expressed and 

Although id general recombinant live vaccines have been processed as with wild-type virus, 
proven to be safe and efficacious, there is a risk that the On the other hand however, no infectious progeny virus 
vaccine viruses may spread to other animals which are more can be made in the host, since normal host cells do not 
susceptible to the virus. synthesize G-prolein f and the mutant virus itself is geno- 

Therefore, there is a strong reluctance on both political, 6q typically G-oegative. 

™v nd , PartiaUy ^l mi c C 8f0UndS ' t0 all0w thc use of ^ aDimals infcclcd wi <° G- mutant virus do not shed 
recombinant viruses in the field. infcclious virus io lhe CQvironrDcnL TOs makcs G - ^ 

in particular, for nsk assessment studies by regulatory (as well as the M ( "> mutants discussrd above) very safe as 
authorities with respect to genetically modified vaccine a basis for vaccines. 

"^nM^^rT^ ^ SCnCS ' !hC " Altcraativc ^ thc G " ™*«* wording to the invention 
meni is ^™ J!, 8 enVlf ° n * Ca ° bc implemented phenotypically by other, non-rabies-, " 

ment is a vc 0 .mportant aspect. glycopro.cins known to play a role in cell attachment. 
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Since glycoprotein) protruding from the viral membrane expressing immunoprotectivc epitopes of BRSV riv« , 

into the environment are known to determine the cell- very safe vaccine against this disease S 

specificity, it therefore is possible to target the recombinant Parainfluenza virus vaccines have so far faced the * 

infectious rabies vims mutant to specific cells other than the problems as BRSV-vaccines. Therefore, recombinant inf^ 

natural host cells of rabies, by chosing the right comple- 5 u'ous rabies vims with parainfluenza glycoprotein G analoJ 

menting glycoprotein. and additional immunogenic epitopes of parainfluenza pro- 

These glycoproteins will further be called "glycoprotein Vldcs 3 fi ood a ° d safe vaccine against this disease. 

G analogs", to indicate that tbey are involved in cell-specific 0t . hcr important veterinary vaccines based on rccombi- 

attachment, like glycoprotein G. . oant infectious rabies virus are made by introduction into the 

It should be noticed, that in some viruses, the "glycopro- 10 rccoro0i "nant rabies vims of immunogenic determinants of 

tein G analogs'* determining the cell specificity are not ■) thc loroviruses; equine, bovine and porcine lorovirus, 

glycoproteins but non-glycosylated proteins. It is clear, that >0 !hc corona viruses; bovine, canine, porcine and feline 

these proteins are also within the scope of the invention. coronavirus, especially the spike-proteins thereof. 

Trierefore, in another preferred embodiment of the present . Tncrcforc . a most preferred embodiment of the present 

invention, the insertion and/or deletion in the open reading 15 invcnl,on relates to recombinant infectious rabies virus 

frame encoding the glycoprotein G is such that it results in glycoprotein G (-) mutants, complemented with a glycopro- 

a non-functional glycoprotein G, or even in the absence of Icin Cl anaio S» and carrying a heterologous nucleic acid 

glycoprotein G. The G<*> mutant viruses with the non- sequence encoding an epitope or polypeptide of a patho- 

functional or absent glycoprotein G have to be grown in cells scnic viniS or mi ' cr °org a nism. 

that provide a glycoprotein G analog in trans, in order to 20 Alternatively, attenuation of the RV may be obtained by 

phenotypically complement the vims. altering the enzyme activity of the RV replicase or tran- 

In an even more preferred embodiment of thc present ^P 13 * 5 s° that «he enzyme Is less active, thereby resulting 

invention, thc glycoprotein analog used for complcmcnta- ,n . P™ ducll0n of lc * s infectious virions upon infection of 

lion is thc rabies virus glycoprotein G itself a hoM ammaI * As the N, P and Lprotcins are involved in the 

RccombinantmfecuousrabicsviruscsNvithaglycoprotcin 25 M^n^t^'^' a* TTn™?* 30 inSCrtioa or 
G analog have several important advantages* delenon in the ORF encoding the N, P or L proteins are also . 

*\ tk-.. « u • ; part of the invention. 

or h-a ESK Vh ? ^T"! CeHS ' RV dc,etion and '° r inserti °° ™««n«s according «o the 

^SiSSSZ 8 8 ly copro,e,n in j en "' 0 ; can ako be ™ ed to vacdna,e a host » «k 

'S&x*!* •? cam r of *- " ^^'^^^X sss 

Z IZ? a ^ PCS m Q0 °" rab,eS P3A °- °' ,acZ ( C °™l™™ »«"« Schnell, 1994. supra). Apreferred 
Al?m ^ • c c re S ion for lhe '««»Poration of such inserts is theRV 

Alternately, they can be earners of foreign genetic pseudogene region. As is demonstrated in the Examples 
.nformat.on encodtng tox,c substances. « insertions and k fctions „„ ^ madc fa ,» r ^ c f^om 

,'nvt I 7 f Pp . h ""- 0n ° f CC ° rdi ° S '° ' hC d!snjplin S essential fuoc,i °« of RV such as thole necessS 

nvent.on « obtained wuh v.ruses having both a glycopro- for infection or replication. n,e RV deletion muttnTnS 

on iSSrw"* 10 0 " S " Sene "' C inf0rn,a " ' 1Ck " epi '° Pe ° f 4 RV Pt0le ' m Whkh an *~ 

Zh l L . . • , f«Poose is normally raised by the vaccinates, in particular 

Recombinant mfeci.ous _rab.es viruses can be obtained *s a RV mutant comprising a deletion in the ORF encoding the 

«. P nsea \r tati ? a j f hat m ,ar * e,ed 10 a 0 P rolein « »••««« fcr «his purpose. In the mm of a RV 

2££ '^'^""^'y ? Uacked "y a " on - ra b « virus insertion mutant the insertion comprises a nuclefc acid 

m h n!„?J7h SmeUffl f. can y. in 8»™niu 0 oproteciivede t er- sequence encoding a serological marker antigen or an 

minant of that non-rab.es virus. epitope thereof. 8 

Such a vtrus induces immunity in the host against the jo In a further embodiment of the invention a RV mutant is 

Z * Vl T'r T- V S - am r T B &Uy Mfe ' pn,vided Which 15 capablc of "P^ing one or more di£ 
due U, the lack of geneUc mformat.on for the glycoprotein G feren. heterologous epitopes or polypeptides of TLecirlc 

■a \ • pathogen. 
Another .mporunt embodiment of the present invention Such a mutam can be used to vacdnate animals both 

a^e^ ^"".f t0 . h ,h f PrcSem iDVCati0D ^ l " f C "* 55 d0meslic aod domestic animals, against wiSraW s 
targeted to CD4-cells, that represent urget cells of HIV, and said pathogen 

through geootypical complementation with HIV gp 120. and Vaccination with such a live vector vaccine is preferably 

Wh ^ y ?■ c y i ,0t03UC , P ^ i0 - fo,,owed b - v n P^ ioa ° f lhe RV within lhe inocu- 

J? , h T ^ Se L eC " Ve , y , CD4 ^ lk . and host, expressing in vivo the heterologous epitope^ 

it , C CelIS • V- W1 " w ,h - m - 60 P0,vpep,ide aIo "S « he RV Polypeptide! The P poly^p- 

AUernanvely, recomb.nant mfectious rabies viruses tides expressed in the inoculated hosl will then eliciTan 

v^w« 6 • f P -T a \ ""if"" 0 • C1 -° proWde Very safe ' mmme r «P onsc a S»i^ bo'h RVand the specific pathogen. 
T^ s lTr " n,, f en ^ a,h °8 e ?' c v "^« a S a '^' If the heterologous polypeptide derived from th 6 P specific 

at th s moment no safe hve vaccmes ex B t: a recombinant pathogen can stimulate a protective immune response, then 

laiu TuJ 3 - V™ tiCgC f aga ! n f!; 8 - l e oaluraI n* 1 65 ,he lflimal inoculated with the RV mutant according to the 
cells of Bovtne Resp.ratory Syncyt.aI Virus (BRSV) through invention will be immune to subsequent infection by mat 
complementation w.th BRSV glycoprotein 0 analog, and pathogen as well as to infection by RV. Thus, a heterologous ' 
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nucleic acid sequence incorporated inlo a suitable region of The engineering of a mutation in a non-coding intereenic 

the RV genome may be continuously expressed in vivo, region may influence the transcription of a specific viral 

providing a solid, safe and longlasting immunity to the gcn e such that the transcription of the mRNA and the 

pathogen. subsequent translation of the protein, either an envclone 

In particular, the present invention provides a RV vector 5 proIcin( such as thc M and G P rotcm Qf ^ ^ °P C 

which comprises an insertion of a nucleic acid sequence n ^1™-™ , rr .V,*tv «.^h L w o r ,m ? lvcd 

encoding an epitope or polypeptide of a specific pMhogeo, ^fi^"^:!!^ ? N, P or L protein, is 

wherein the insertion is made in the pseudogene Region f ? dUCC f d ™ Ul " g 10 \ V,ruS mu ant featunn S attenuated 

If desired, part or whole of the pseudogene region can be f h y a '! cns ' ics **c*vst l . hc mulant s capability of producing 

deleted in the RV vector described above. (infectious) progeny virus is reduced. In particular the 

Preferably nucleic acid sequences encoding an epitope or 1(1 ? ubsWu V on ° t f onc or more nucleic acid residues in this 

polypeptide of canine parvovirus, canine coronavims and jntergenic region and/or transcriptional signal sequences can 

classical swine fever virus (CSFV) are contemplated for influence efficiency of transcription, 

incorporation into a suitable region of the RV genome. Furthermore, the substitution of one or more nucleic acid 

The possibility to manipulate the non-segmented residues in a region of the genome of a virulent RV which 

negative-stranded RNA genome of RV on the DNA level by 15 " involved with virulence, such as the ORF encoding the G 

recombinant DNA techniques was nojjiiossible until now, protein, by the application of the process described herein is 

because no infectious replicating virus could be generated. part of thc invention. 

However, a process is provided herein which allows thc Such a mutation may result in the exchange of a single 

engineering of a mutation into a coding region or non- amino acid in the G protein of a virulent RV strain resulting 

coding region of the viral genome on the DNA level by 2 n in a (partial) loss of pathogenicity, e.g. replacement of Are 

means of recombinant DNA techniques followed by the (333) with lie, GIu or Gin, or Leu (13?) by Phe or Tro 

generating of an infectious replicating RV harbouring the \ n the process according to the invention the DNA mol- 

mutation « its genome. . ecule containing the RV genetic information preferably 

ste2 of PfOCCSS g mVCmi ° n COrDPnSCS C ™ prl ™ a p,aSmid P f ° vidcd With W™P™* traascription 

V*. , . . „ . 35 in viator and terminator sequences recognizable bv a doIv- 

a) introducing into cells expressing a RNA polymerase; merase co-expressed by the transfected host cells 

1) one or more DNA molecules encoding the RV N, P A preferred process according to the invention comprises 

n 'irr, ■ • u m , r\kf a lhc USC ° f hosl cclk lran *fccted with RV DNA, said cells 

2) a DNA molecule comprising the RV-cDNA genome being able to express bacteriophage T7 DNA-dependent 
. and RNA polymerase, expressed for example cvioplasmically 

b) isolating the viruses produced by the cells. from vaccinia virus recombinant. In this case the plasmids 
Normally, the cDNA of the rabies vims genome is modi- containing RV DNA are provided with the T7 promoter and 

fled by the incorporation of a mutation in the genome. terminator sequences (Conzelmann and Schnell, 1994 

Thc process may however also be used to e.g. purify supra). * 
contaminated RV pools. In that case, the original non- \% For the preparation of a live vaccine the recombinant RV 
mutated cDNA will be used. m U , a nt according to the present invention can be grown on 

In view of the fact that rescue efficiency of a model a cell culture derived for example from BHK, or human 
mini-genome of RV comprising heterologous inserts with diploid cells. The viruses thus grown can be harvested by 
plasmid encoding proteins is extremely low and moreover collecting the tissue cell culture fluids and/or cells. The live 
correlates with insert length (Conzelmann and Schnell, 40 vaccine may be prepared in the form of a suspension or may 
1994, supra) it could not be expected that initiation' of a be Iyophilized. . 

productive infection from transfected full length genomic In addition to an immunogenically effective amountof the 
RNA could be achieved by co-transfection with plasmids recombinant RV the vaccine may contain a pharmaceutical!}' 
encoding the RV N, P and L proteins. Ibis is the more so as acceptable carrier or diluent. 

large amounts of positive sense N, P and L specific RNAs 45 Examples of pharmaceutical^ acceptable carriers or dilu- 
are produced from the transfected protein encoding plasmids ents useful in the present invention include stabilizers such 
which were expected to hybridize with simultaneously as SPGA, carbohydrates (e.g. sorbitol, mannitol, starch 
expressed negative-stranded genomic RNA transcripts. Pos- sucrose, glucose, dextran), proteins such as bovine serum or 
sible hybridization, however, which could affect more than skimmed milk and buffers (e.g. phosphate buffer), 
half of the genome was suspected to interfere with the 50 Optionally, one or more compounds having adjuvant 
crucial encapsidation step. In addition, translation of N, P activity may be added to the vaccine. Suitable adjuvants are 
and I. mRNA might be affected. Indeed it was found that for example aluminium hydroxide, phosphate or oxide, 
with the standard transfection protocol no infectious viruses oil-emulsions (e.g. of Bayol or Marco! 52 w , saponins' 
could be obtained. However, as demonstrated in thc or vitamin-E solubilisate. 

examples the appUcation of an alternative transfection pro- 55 The useful dosage to be administered will vary depending 
tocol in combination with the use of a RV cDNA genome on the type of mammal to be vaccinated, the age, weight and 
generating positive stranded aniigenomic RNA transcripts, mode of administration. 

gave rise to a replicating genetically engineered RV. The dosage may vary between wide ranges: 10 2 to 10 7 

The above-mentioned process allows the in vitro incor- pfu/animal would e.g. be suitable doses, 
poration of a mutation in the genome of a parental RV by 60 A specific dosage can be for example about 10* pfu/ 
means of recombinant DNA techniques followed by the animal. 

generation of an infectious replicating RV mutant harbour- A RV mutant according to the invention can also be used 
ing said mutation. The mutation includes but is not limited to prepare an inactivated vaccine. 

to an insertion, deletion or substitution of nucleic acid For administration to animals, the RV mutant according to 
residues into an ORF encoding a RV protein, a non<oding 65 the present invention can be given inter alia orally, 
region e.g. the pseudogene region, or a transcriptional signal intranasally, intradermal ly, subcutaneously or iniramuscu- 
sequence of RV parental genome. larly. 
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skunks and foxes. Furthermore, also vaccination oS (Fours efal t£c Na,7 TrfT- mT'™ ViniS vlT 7-3 
boars wuh a l,ve RV vector capable of expressing a heter- rw A Natl " A ? d " ^ U SA 83 - 8122-3P6 

ologousgene of a porcine pathogen such icSSc . 2£ Siu^S^* r™ W3Shed 

fever virus, is contemplated. 5 , Cul ?" re P 3 " 11 ™ Peking calf serum and transfected with 

a plasmid mixture containing 5 m pT7T-N ?_5 no „tttd 
EXAMPLE 1 and2 -5/'SpT7T-Landwith2/e6f^An Ma1? P ^ ; P ' 

Preparation of Infectious Replicating RV Virions using .he mammalian uu^'^^^gJ? ■ 

Constructton of FuU Length RV cDNA (FIG. 2). . protocol) according to the suppliers ioSrffiS iSl^ 

s ra n SAD B19 was described previously (Conrrlmann e. wa f ed a " d I incubated in Eagle's medium containing 10% 
al., 1990, supra; GenBank accession number M31046). The "' f scn " n - p <>^ encapsidation of pSAD-Ll6 derived T7 
numbenng of RV nucleotides and amino acids used herein ™ A Pd}™«»» transcripts and the resulting expression of 
corresponds to that of Conzelmann et al., 1990 (supra). As £ V P rotemsfromlhe ™clwcap^ 

basts for the assembly of a SAD B19 full length DNA clone ,5 !%£^-f m % do ? a ■ mibod * direcled a S»inst RVG 
the RV mini-genome sequence contained in the transcription „™ p v Y ex P ressed Cr ™ the recombi- 

plasmid pSDI-1 (Conzelmann and Schnell, 1994. supra) was I . ^norne, was used to screen the cultures. One day 
used (FIG.2).pSDM contaias theSAD B 9 genomic Ta^d ^T" WM P reSen1 ' d^onstraUng 

y ends (SAD B19 nucleotide., 1-68 and 11760-1192^ s,W?™Vv T &0[n t° RV 8 cn °™- However, on£ 
respectively) inserted between a T7 RNA rolvmemi »m ™ f ?• P C ^ W " e observed in * series of 20 Irans- 
moter and the hepatitLs delta v ™ (HD^TnSme" f^?"'*- No . fluores «"' «" foci indicating lhe 

(SEO K; ' VT, P " mC [ ( 5, - A CGCTrAACAA-3') » Wore, in order to £la.e a pr eLm ed i£ IovJnumbV; 
(SEQ ID NO:l) which due to the complementarity of RV of infectious virus generated in Iraosflci™! «X T " 
genome ends corresponds to the 5" termini of both 'positive fflen,al P'°« d "« -asmodifi d. For &?fon of t2£ffii 
ica,S' Ve v ' ra ' RNAs - After subsequent' partial viruses cells and supernatant* wem?,Sc^E?^ 

rir^ffi^ „ sestet* jb£5 

kT » a der,vat,ve of pBluescripin (Stratagene) 35 a mi «ofuge. The entire supernatant was used to inooilafe a 
from whtch a BssHII/Clal fragment of the multiple clrTning <-^<™ ^ vvi.h a confluent monoIavHf «lk After 
site containing the original T7 promoter was deleted. It incubation for 2 h. the supernatant was replaced bv ? ml of 
" S rT iali Z™ mic rib o*y™ sequence medium. Acythopalhogenic effect (c^'caused 

e rmf„,, "° W ; ed unmet, ' aIe, y ^ » T7 traoscription vae «a« virus was observed one to two davs oosi 

rTZ *? U ?T ° ned ,he BamHI si,e - ^struct* <° mfeC ! ° a - ,n avera S e only !•» phques were observed Sr 
ma contained a T7 promotor upstream of the plus sense RV centrifugal™ at 10.000 g. RV infection of cells which dol' 
sequence were identified by restriction analysis and 001 resu " in detectable cpe was demonstrated two davs cost 
rS'^ nI - B8l ' !fr,gmMt0f P SDM PADBt5 ,nf f li0n b * diret1 imrnunofluoresceoce Lilt „fT 
SrfSr^?A* M8) WM ' hen fepbced with a 1 kb Muo1 '' Mtire ra0n0layer Wilh 40 an "'- N «» D i u Sa'e (Centre) In 
fr?!l , r C S »" UC ' a : wmb,ed in PBIuescriptll from three « ,wo ° ut « f 20 experiments fluorescent foci were observed 
SaTpTo , ^ 319 CDNA Cl0nes (M^'-Sphl and ,he Wlive supernatant contained infectio" RV 

SS^ 73 T ' " '1 ^rt?^ 2 !T m P^ 01 " 9 * S P hI -^" (SA ° L16) Which was ««»"«« «o represent Ua^fccfm 
(4041-4273 from P SAD13), and AatU-BglH (11472-11759 ""^.generated from cDNA transcripts ™«»«« 
from pSAD85)) resulting in pSDI-1170. By insertion of a HaIf of the supematants from (be cultures in which foci 

nSAnn g ™ e M V£?5£ &0m C,0neS P 5 ^ 25 ind 5" were ./ )bst:rved . w " ««d for the second passage a£ 
PSAD13 v,a Ncol (SAD B19 nucleotides 482-4041) and an centrifngwion at 10.000 g. For further passaging p davs 

nSAMV^SI lmm d ° neS pSAD 49 and f ach)dcweasin S ali q uoto °f ^pernatants were used accord- 

pSADSS via Xhol (SAD B19 nucleotides 4273-11472) into ,n S » the degree of RV infection. To get completely rid of 

ine unique SphI and Aatll sites of pSDI-1170. the final basic Vaccinia virus, supematants from cultures aooroach in<r 
cLt^LtT- ^ 116 ^ UsI °8 the S5 infecti0D °f a « cells (third passage) were centr^uged two 

H 1 ? 4 ? V T "•nwptons were performed and «"» for 10 min at 14.000 g in a microfuge. The final 

me products analyzed on denaturing agarose gels. The supernatant was theo Dltered using a sterile MILLEX-W 

I^OZSLa • A . ,rans = ri P t s co-migrating with 12 kb RV 01 W filter unit (Millipore Products. Bedford, Mass 

S C ^A md.cated that full length an.igenome RNA is 0l7 30) *> d *™ ««d to produce high litre stocks of record 

^anscrioecl by TV polymerase. M binanl RVs. 

Recovery of Infectious Recombinant RV He latter transfection and isolation protocol was used in 

I ne co-transfection of phsmid pSAD L16 and plasmids lhc subsequent Examples, 

encoding RV proteins N. P and L was carried out as F v AMPI P , 

described in Conzelmann and SchneL* 1994 ftuDral 1 ,• r EXAMP, - E2 

Transfection experiments we« carried ou.^dLibed « £ST ° f *" 0, 'S° nUcko,ide « * e RV P-udogene 

SSSSSrt ' ^P-^ofthe.werecarriedoutinthesub.lone 
ta 0 te s medium supplemented pPsiXS. containing a 2.8 kb Xhol-Scal fragment of pSAD 
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LI 6 representing SAD B19 nucleotides 3823 to 6668. The subsequent isolation of viable virus. After five successive 

StuI fragracDts of the modified pPsiX8 plasm ids were then passages RNA from infected cells and supernatant was 

isolated and used to replace the corresponding fragment isolated and analyzed by RT-PCR using the same primers as 

(SAD B19 position 4014 to 6364) of the full length clone in the previous experiments. In comparison to standard SAD 

pS AD LI 6 (FIG. 1). Insertion of 4 nucleotides into the ^ and 5 B 19 virus, an enlarged DNA fragment of approximately 0.9 

generation of a novel Nhel site was achieved by digestion of kb resulted from RNA of cells infected with SAD V* thus 

pPsiX8 with Hind III, fill in of the extensions with Klenow showing that additional sequences were present in the'iji 

enzyme and religalion. The final full length clone pSAD U2 region of this transfectant virus (FIG. 4). In contrast, from 

is distinguished from SAD LI 6 by the duplication of nuclc- RNA of cells infected with SAD W9, a DNA fragment of 

olides 5338 to 5341. JQ only 0.3 kb was obtained; this size was expected according 

The generation of infectious viruses was demonstrated to the deletion made in the cDNA genome copy. Sequencing 

after transfer of extracts from transfected cells together with of PCR products confirmed further that the original engi- 

supematant to fresh cells. In each of the series focus nec red cDNA sequences were rescued into the genomes of 

formation was observed in one experiment. The transfectant SAD V* and SAD W9 transfectant viruses. Accordingly, 

viruses (clones SAD U2-13 and SAD U2-32) were passaged 15 neither the presence of additional sequences, including 50 

by transfer of s iWnatants to fresh cells two further times " vector derived nucleotides, between the G open reading 

resulting in almost 100% infection of the cells. To demon- frame and the op nor the deletion of the entire u; did interfere 

strale the insertion in the SAD U2 virus genome, total RNA with the infectivity and propagation of transfectant rabies 

was isolated from cells infected with SAD U2-13 and viruses. The alterations engineered in to the genomes of SAD 

reverse transcriptase-PCR (RT-PCR) of the ^ was per- 2Q V* and SAD W9 were designed in a way to result in 

formed. With the primers G3P and L4M (FIG. 1), which are phenol ypical changes in the transcription pattern and it was 

specific for the G and L genes, respectively, DNA fragments investigated whether this affected the growth characteristics 

of approximately 730 bp were obtained from the genomes of of the respective transfectant viruses. However, propagation 

transfectant viruses SAD U2 and SAD L16 and of standard in cell culture as well as final titers of infectious SAD V* and 

RV SAD B19. However, subsequent digestion with Hindlll SAD W9 viruses were similar to those of standard SAD B19 

was only observed for the PCR DNA obtained from SAD " RV. Three days after infection of cells with an m.o.i. of 0.01, 

B19 and SAD L16, but not for that from SAD U2. tilers of 10 s focus forming units (flu) were reached in the 

Conversely, only SAD U2 derived DNA was digested with supernatanis for SAD B19, SAD V* and SAD W9 demon- 

Nhel, giving rise lo two fragments of approximately 530 and slraling thai the RV 4« is not essential for propagation in cell 

200 bp, respectively (FIG. 3). Direct RT sequencing of ^ culture. 

genomic RNA of transfectant virus SAD U2 further con- * Using a \\* speciCc probe, no hybridization was detected 

firmed the presence of the expected insertion of 4 residues with RNA from cells infected with the ^-deleted SAD W9 

at the predicted site, while . the rest of the determined virus. While the genomic RNAs of the other" viruses and the 

sequence corresponded lo lhat of the original SAD B19 G mRNAs of SAD B19 and SAD L16 were recognized by 

genome. Thus, it was clear that SAD U2 virus represented this probe, the SAD V G mRNAdid not react. In contrast, 

a transfectant virus whose genome originated from cngi- " " a faint band of RNA appeared lhat corresponded in size to 

neered cDNA. the novel extra iJi-mRNA that was predicted by the presence 

The introduction of four additional nucleotides close to of the extra Pgene transcriptional start signal preceding the 

the end of the RV i|> did not affect viability of the transfectant SAD V* y sequences. In contrast to naturally occurring RV, 

virus SAD U2, nor did it interfere with correct transcription 4Q the transfectant virus SAD V represents a RV whose 

termination of the G mRNA. genome is composed of six functional cistrons. 

EXAMPLE 3 EXAMPLE 4 

Alteration of RV Transcription by an Insertion or Deletion Expression of a Foreign Protein-Encoding Gene from 

Between G and L Coding Region Recombinant RV 

By double digest with Styl and Hindlll, Klenow fill in and 45 The 230 bp cDNA fragment containing the N/P cisiron 
religalion, 396 bases (SAD B 19 nucleotides 4942 lo 5337) border flanked by multiple restriction sites described in 
were deleted, the final construct was pSAD W9. For the example 3 was introduced into the BstXI site of the pseudo- 
construction of pSAD V*, a 180 bp BglH-AsuII fragment gene region of the full length cDNApSAD L16 (SAD B19 
including the SAD B19 N/P cisiron border region was position 4995) after generation of blunt ends with Klenow 
isolated from pSAD13 (Conzclmann ct al., 1990, supra). 50 enzyme. The resulting cDNApSAD V was used as a basis 
The fragment contained 97 nucleotides of the N coding for introduction of the bacterial chloramphenicol- 
region, the enure 3* non-coding region and the N/P cistron acetyltransferase (CAT) gene! To obtain pSAD XCAT, a 0.8. 
border consisting of the N transcriptional slop/ kb DNA fragment of pCM7 (Pharmacia) containing the 
polyadenylation signal, the intergenic region, and the first 1 6 entire CAT coding region was cloned into the AsuII site of 
nucleotides of the P cistron including the transcriptional start 55 pSAD V contained in the N/P cistron border upstream of the 
signal. The cDNA fragment was first sub-cloned into the pseudogene sequence. For construction of pS AD VCAT, the 
EcoRI site of pBluescript after fill-in of 3' recessive ends cDNA between the AsuII site and the Hindlll site located 
with Klenow enzyme (pNigP-180). After excision with close to the end of the pscudogene sequence (SAD B19 
Hindi H/Xbal from pNigP and blunt end generation the position 5337) was deleted and replaced with the CAT- 
obtained 230 bp fragment which contained the RV insert 60 encoding HindHI-DNA from pCM7 after blunt end genera- 
flanked by 16 and 34 bp of vector derived sequences, tion with Klenow enzyme. Accordingly, transcription of the 
respectively, was cloned into the filled-in Styl of pPsiX8. recombinant RV SAD XCAT should give rise to a CAT 
The final full length construct (pSAD V*) thus possessed a mRNA possessing the pseudogene sequence as a nontrans- 
234 bp insertion compared to pSAD L16. * la ted 3* region, whereas SAD VCAT should transcribe a CAT 

As before, pSAD V* and pSAD W9 were used to Iransfect 65 mRNA lacking the pseudogene sequence, 

twenty culture dishes each. In three cultures transfected with Recombinant rabies viruses were rescued after transfec- 

SAD V* and in one with SAD W9, rescue was indicated by lion of phsmids encoding RV N, P, and L proteins and 
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pSAD-XCAT, and pSAD-VCAT, respectively, as described EXAMPLE 6 

in Example 1 . After removal of vaccinia virus, the (ranscrip- Generation of an Attenuated RV by Introduction of a Muta- 
tion pattern of the recombinant RVs were analysed by lion into G Geae Sequences 

northern hybridization. Both viruses transcribed CAT In order to generate a virus propagating less efficiently 
mRNAs of the expected size and composition (FIG. 5). The 5 than the standard virus SAD B19, a recombinant was 
expression of CAT enzyme activity was determined in cells prepared that possesses a mutated G protein 
infected with the two viruses, respectively, by standard CAT For this purpose, the sequence encoding the last 46 amino 
assays (Coozelmann and SchneU, 1994, supra). Both were acids of the G protein were deleted. First the G protein 
found to express CAT efficiently. Successive passages in cell coding plasmid, pT7T-G (Conzclmann and Schncil 1994 
culture cells showed that the introduced foreign sequences supra) was digested with Afllll (position 4752 of the SAD 
are genetically stable. Even after 40 passages both viruses B19 sequence) and EcoRV (the latter site is present in the 
expressed CAT efficiently (FIG. 6). Additional experiments multiple cloning site of the plasmid) and blunt ends were 
were performed in order to examine expression and behay- generated by Klenow enzyme. Ligation of the resulting 
iour of the recombinant viruses in infected animals. Six aHIII and EcoRV *,nrl< rL«h~,t t k me resulting 
week old mice (five each) were injected intracerebral^ with Nation ^ , ?« ° f a 

10* ffu of SAD VCAT, SAD XCAT. and standard sequence « £ * ^hm aT mt c^f r r former AIIIII sequence. 
RV SAD L16. respectively. Seven days after infectfon all r ° J ^ ° NA PpuN ? * SMi ? fra ^ cnl conltimog the modi- 
animals showed topical rabies symptoms and died from Kff ° tt ™ U * d c l ° r r epl f e the authenlic PP"MI-BstXI 
rabies within the following week. CAT activity was dem- lra SJ«nl 4469-4995 or pSAD L16. This manipulation 
onslraled in brains of mice infected with SAD VCAT and resuIkd 111 lhe delcllon of SAD B19 nucleotides 4753-4995 
SAD XCAT, respectively. Roth viruses could be reisolated 20 cncod \ n Z thc ^rboxylermioal 46 aa of the G protein cyto- 
from mouse brains and expressed CAT cell culture. Thus, a pksrnic tail and part of the pseudogene sequence. A further 
foreign gene can be introduced into the genome of infectious f csul1 * ^ c imroduciion 0 f jg vector-derived nucleotides 
RV and be expressed stably and as well may serve as a immediately downstream of the new G translation lermina- 
marker to differentiate recombinant viruses. ll0n codon. 

EXAMPLE 5 23 Rcra rnbi™m RV(SAD DCD) was recovered as described 

Expression of a Heterologous Viral Antigen from Recom- in Exam ^ L f a Inincatccl G protein was 

binant RV and Induction of an Immune Response Against "P 0 * 8 *" in ccIls wfccual with SAD DCD (FIG. 10). 
RV and the Heterologous Virus Compared to standard sequence virus SAD L16, 100 fold 

The genome of classical swine fever virus (CSFV) ! ower . tilrcs Wcre obtainetl w "h SAD DCD virus after 
encodes three structural glycoproteins (CO, El and E2). In 30 ,nfecl ' on of cells at an m.o.i. of 1. In addition, a reduced rale 
CSFV infected animals neutralizing antibodies are directed of spread in cell cultures was observed (FIG. 11), indicating 
against E2, whereas E0 induces a cellular immune response, lnal truncation of the G protein resulted in reduced 
cDNA encompassing the coding region of the E2 protein and assembly of virions or reduced cell infectiviiy of virions. To 
the £0 protein of CSFV strain Alfort respectively, were used analyse the behaviour of SAD DCD in infected animals, five 
to replace the pseudogene region between the AsuII and 35 mice were injected intracerebrally with 10* ffu of SAD DCD 
HindlH sites of pSAD V as described in Example 4. Recom- and 5 mice with the same dosis of SAD LI 6. 
binant viruses (S AD-VE0 and SAD-VE2, respectively) were F Y 

recovered from transfection experiments as detailed in - - „ L . tX ^T IPLE 7 

Example 1. In infected cells the viruses expressed CSFV EO feneration of a Rabies Virus G-minus (G") Mutant by 
protein, and CSFV E2 protein, respectively (FIG. 7). • Complementation in Trans 

lhe recombinant viruses SAD VE0 and SAD VE2 were 40 In ordcr 10 delctc lhc cnlire G protein coding region from 
used to immunize pigs by the oral route. Standard fox baits thc Rv £"0™, the full length clone pSAD UE (Example 2) 
usually being used for oral immunization of foxes with the was used. This clone differs from pSAD Ll6 by the presence 
attenuated RV SAD B19 strain were loaded with 10 7 pfu of of a unique Nhel site within the nontranslated 3* region of 
SAD-VE0, SAD-VE2 and SAD B19, respectively. Two baits G gene (SAD B19 position 5339). By partial digestion 

of each preparation were fed to two pigs each (pig#i and #2: <J of pSAD U2 with PflMI (SAD position 3176) and complete 
SAD VE0, #3 arid #4, SAD B19, #5 and #6, SAD VE2). digestion with Nhel, subsequent fill-in by Klenow enzvme 
Four weeks after immunization, the presence of neutralizing and religation, a cDNA fragment comprising SAD B19 
antibodies against RV and CSFV as analysed. With the nucleotides 3177-5339 was removed. The resulting clone 
exception of #5, all pigs possessed RV neutralizing antibod- pSAD dG was used in transfection experiments to recover 
ies (litre >250) confirming uptake of the vaccine baits. Pig 50 recombinant virus. In addition to plasmids encoding N, P, 
5 was therefore not further considered. Pig #6 developed and L proteins, however, a plasmid encoding the G protein 
CSFV neutralizing antibodies at a litre of >16. As expected, was cotransfected with pSAD dG to complement the G 
pigs #1 to 4 did not develop CSFV neutralizing antibodies. deficiency of the viral genome. The resulting vims SAD dG 
An intranasal challenge with 10 7 pfu of CSFV strain Alfort was passaged to cells again transfected with the G encoding 
was performed 5 weeks after immunization. Leucocyte 55 plasmid and infected with the vaccinia virus vTF-7-3 to 
numbers of pigs and body temperature were monitored after provide G protein. 

the challenge and shown in FIGS. 8 and 9, respectively. All RNA transcripts of SAD dG were analyzed by Northern 
pigs developed fever, but pigs #1 and #2 as well as #6 blotting experiments. After hybridization with an N specific 
recovered more quickly. The control animal #4 died 15 days probe, the SAD dG genome was found to be considerably 
post challenge with typical CSFV symptoms, the control #3 60 smaller than the rabies virus wt genome reflecting the cDNA 
was killed on day 21. Thc presence of CSFV neutralizing deletion of 2.1 kb. A probe spanning the entire G coding 
antibodies in the fig fed with SAD VE2 and the partial region, however, failed to hybridize with SAD dG RNAs 
protection of the pigs that received either SAD VE0 or SAD demonstrating the lack of G encoding sequences (FIG. 12). 
VE2 demonstrate that both humeral and cellular immune The identity of the deletion was further confirmed by 
responses against two heterologous viruses may be induced 65 RT-PCR and sequencing. 

by recombinant RV live vaccines after application by the Phcnotypically complemented SAD dG was able to infect 
oral route. noncomplemcnting BSR cells, to replicate its genome and to 



) 
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express the genes encoded by the genome. However, it was FIG. 2: 

not able to produce infectious virions and thus, infection Simplified scheme for the coastruction of transcription 
could not spread to other cells (FIG. 13) or be transferred by plasmids containing full length RV cDNA. Numbers refer to 
passage of culture super natants to other cell cultures. nucleotide positions of the SAD B19 RV antigenome 
EXAMPLE 8 5 sequence (Conzelmann et al., 1990). The plasmid pSDI- 
CompIementationofG Mutants by Heterologous Glycopro- lplus which served as a basis for reconstruction of full 
leins: Directing Virus to Specific Cells length RV genomic DNA is a counterpart of pSDM 
To demonstrate that heterologous surface proteins may be (Conzelmann and Schnell, 1994) containing the SDI-1 RV 
incorporated functionally in the envelope of a recombinant mini-genome that comprises the terminal nucleotides 1-68 
vims the G-mutanl SAD dG was complemented by recom- 1° and 11760-11928 in opposite direction with respect to T7 
binant viral glycoproteins as described in Example 7 for the RNA polymerase promoter (T7) and hepatitis delta virus 
rabies virus G. Infectious pseudotype particles were gener- antigenomic ribozyme sequence (HDV). The Munl-Bglll 
ated that contained the spike proteins from Mokola virus, fragment of pSDI-1 plus was replaced with a 1 kb cDNA 
another member of the Lyssavirus genus, the rhabdovirus construct that was assembled from three SAD B19 cDNA 
vesicular stomatitis virus (VSV; serotype New Jersey, genus clones as indicated. Insertion of a 3.6 kb SphI and a 7.2 kb 
vesiculovirus) and from the retrovirus human immunodefi- Aatll fragment which were assembled from two cDNA 
ciency virus (HIV-1, strain NL-43). clones each resulted in the final plasmid pSAD L16 con- 
Expression from transfected plasmids of the authentic taining full length SAD B19 cDNA. Transcription of this 
Mokola and VSV-G protein and infection of cells with plasmid by T7 RNA polymerase should yield positive 
SADdG resulted in the formation of infectious pseudotype 2° stranded (antigenomic) RNA possessing three extra non- 
viruses. Compared to rabies virus G and the closely related viral G residues al the 5* and a precise 3' end after autolysis 
Mokola virus G, however, a reduced litre was observed with of the ribozyme. (T7) T7 promoter; (T7T) T7 transcription 
VSV-G (lOVml in contrast to l(tyml). After replacement of terminator; (HDV) HDV antigenomic ribozyme sequence, 
the cytoplasmic and transmembrane domain sequence of FIG. 3: 

VSV-G by the corresponding domains of the rabies virus G 25 Demonstration of the genetic tag in the genome of the 

protein, however, 10 6 infectious particles were generated transfectant virus SAD U2. 

suggesting that the cytoplasmic domain of the RV G is Tou | RNA ffom i a f ccte d with standard RV SAD 

directing the protein into the viral envelope. ^ ^19 (B19) and transfectant viruses SAD L16 (L16) and 

The generation of pseudotype particles containing authen- $AD U2 ^ 2 ) was isolated 2 days post infection and used for 

tic HIV gpl60 (gp 120/40) spikes was not observed. In » RTpCR amp iifi cal i 0Q 0 f t hc respective rj> regions with 

contrast, expression of a chimeric protein composed of the primers G3P and L4M. The amplified DNA was separated in 

ecto- and transmembrane domain of the HIVgp fused to the a l% agarose gc [ directly and after digestion with Hindlll 

cytoplasmic domain of RV G resulted in the formation of amJ ^ hc ^ respectively. A Nhcl restriction site is present only 

RV(HIV) pseudotypes. This confirmed that the cytoplasmic - n DNA dcrivcd $AD U2.M,DNA size marker, 

domain of the G protein Is responsible for efficient incor- & ^ 

infected Vero cells expressing the human CD4 surface K i K L4l£ AmpUficalion products 

protein (T4* cells) but not the control cells expressing CDs riVJ * J * n ^ 

(V cells) (cells wereobtained from theAIDS Research and 40 were separated in a \% agarose gel. 

Reference Reagent Programme). Hie pseudotype viruses FIG- 5: 

thus possess the host range and cell specificity of HIV. Demonstration of CAT mRNAs transcribed by recombi- K 

DRICF DESCRIPTION OF HIE DRAWINGS "J ^ ^ ^ RNA from ^ ^ 

FIG. 1: « SADL16(L16),SADXCAT(X6)andSADVCAT(VC18). 

Organization of the RV pseudogene region (H>) and con- was hybridized with probes specific for the G gene (G), 

struction of recombinant RV genomes (drawn to scale). p seudogene-(Y), and CAT gene, respectively. On the left 

Numbers indicate the nucleotide positions in the ami- s ^ c me viral genomes (v) and particular mRNAs are indi- 

genome sequence of SAD B19. On top, the entire RV cated. While SAD XCAT transcribes an mRNA containing 

genome with its five open reading frames is shown. Muta- 50 bolh CA j anc j pS eudogene sequences ("CAHT), SAD 

lions were carried out in pPsiX8 containing part of the VCAT lacks pseudogene sequences and transcribes an 

genome (3823-6668) and reintroduced into the full length m RNA ( U CAT") possessing only CAT sequences. The size 

clone pSAD L16 by exchange of the StuI fragment of RNA markers are given in kb. 

(4014-6364). In the detail drawing, coding regions are nG fi; 

represented by gray boxes, non-coding sequences as lines. 55 £ A j ^ of SAD XCAT and SAD V CAT after mul- 

Functional transcriptional signal sequences are indicated by passa o C s in cell culture. Cells were infected with 

filled bar (stop/polyadenylation)^ and arrowhead (mRNA ^ ^ ^ ^ (numbcr of pasMgc ^ 

transcription start). The non-functional signal-like sequence • dk2i{cd) and cqual amounls of cxlra cts were analysed 

defining the start of the u. region is shown by the open bar ( ^ q A j activity two days post infection. In lane «- M extracts 

Arrows indicate the position of oligonucleotide primersG3P 60 . $M) u6 ana i yscd . 

and L4M used for RT-PCR analysis of the region. In SAD Ir0 ™ «' LS imccica wun ora 7 

U2, fill- in of Hindlll extensions resulted in insertion of 4 FIG. 7: _ K ; n , nf PV c 

nucleotides and generation of a unique Nhel-sitc. In SAD Expression of fcO and L2 protein by recombinant RVs 

V, a cDNA fragment containing the RV N/Pcistron border Cells were infected with SAD VE0 (isolates 1, 2, 3) and 

(SAD B19 nucleotides 1323-1502) was inserted into the 65 SAD VE2 (isolates a, b, c), respectively. Two days post 

Sivl site- SAD W9 possesses a deletion of the Slyl/Hindlll infection, cell extracts were separated m PAA Gels under 

fragment' reducing conditions and transferred to nitrocellulose mem- 



6,033,886 

oranes. After incubation with monoclonal antibodies FIG. II: 

directed against XSFV E0 and E2 protein, respectively, and Spread of SAD L16 and SAD DCD in cell culmr," 

subsequently with a secondary antibody coupled to alkaline Culture cells were infected at an ra o i of 0 05 with SAn 

phasphata.se, the proteins were visualized by addition of L16 (L16) and SAD DCD (DCD), rcspccti%-ely and anaW 

substrate and exposure to an X-ray film. As a control, 5 ^ al lhc indicated times post infection by direct iramun- 

baculovirus expressed and purified E0 and E2 protein was ofluorescencc with a conjugate (Centocor®) directed against 

used (B). In addition, extracts from cells infected with CSFV ral ? ICS vir V s N protein. A slower spread of infection of 

(V) served for comparison. neighbouring cells is observed in cells infected with SAD 



FIG. 8- DCD ' 



Leucocytes of pigs immunized with SAD VE0(#1 and 2) 10 a^i ^ rcxr^ 

SAD VE2 (#6) and standard rabies virus SAD B19 (#3 and /c^nEV ^? d^P"^ 1 ? 7) aod SAD dCD 

#4), and challenged with CSVF. Leucocyte amounts are S^l^^ l ^ A S ' ?°!?™ A ° f BSR wI,s 

given in percent of absolute numbers present prior to chal- '£1,^1^ f (Example 1) SAD dCD (A CD) and 

lenge (day 0). * (#1, day 10 p.ch.): not done, estimated ^u^n^^ffi^ ^ ^ Wntt (AG > at 

value. IS ni.o.i A of 1 was isolated 2 days post infection and analyzed 

o G 9A . * b y Northern hybridization. As demonstrated bv bybridiza- 

u * , c • , ll0n Wlth an N fi CDC specific probe (A), the genome of SAD 

Body temperature of pigs after CSFV challenge (day 0). dG is considerably smaller than the standlrd rabies virus 

Animals immunized with SAD VE0 (#1 and #2) de%-el- genome (v), reflecting the 2.1 kb deletion of the G gene A 

oped mild fever until day 11 (#1) or no fever (#2). Both P robc s P an "ing ihe entire G protein encoding sequence fails 

control animals immunized with SAD B19 (#3 and #4) 20 to hybridize with SAD dG RNAs. The small deletion of the 

showed high fever over a long period. #4 died at day 15 post cytoplasmic domain encoding region in the SAD dCD 

challenge from classical swine fever, due to heavy genome is demonstrated by the appearance of a G mRNA 

symptoms, #4 was killed 21 days post challenge. ( G ) lhaI « shorter than the standard rabies virus G mRNA. 

FIG. 9B: v: genomic RNA; N, G: monocistronic mRNAs; N+P t 

The animal immunized with SAD VE2 developed mild 25 cir^R' ° +L: bidsIronic mRNAs 

fever only al days 6 to 8. Controls are the same as in FIG. f , 1 * , . 

9A. . Lack of spread of the C mutant SAD dG. BSR cells were 

FIG. 10: infected with phenotypically complemented SAD dG aod 

p v „ , . f . ,~ analyzed 36 hours post transfection by immunofluorescence 

SAD nm ^ 4 u • °r PC °T n " wilh * microscopy. In (A) N protein expression is show^ b^incu! 

D^n^An^ baU * on of ^ ^ 3 HTC-iuplcd antibody directed 

2 ?^£ ^»vi^ 3l - 16 r ?Tf C ?T hbeIIcd With a ^ DSlN P^in(Cent^ 

? *5 ^ [ S] mct * 10n J nc 3 h. Cell extracts were no spread of virus to neighbouring cells is observed n£ 

incubated with an anti-rabics G MAb and aliquots of immu- control with a G specific Intibod? °^ 

noprecipitated samples were either digested with PNGase F FIG 14* 

£2 .L°/h 7 ^ Cm ° nS ? t ? 'Jf P r ICi " 1 ba< * boncs . or 35 Composition of the functional chimeric HIV/RV glyco- 

+™- SEtP n dcmon ? trat ^ lhc glycosylated proteins. protein used for generation of RV(I II V) pseudotype 

+™ infected cells were incubated in the presence of 2 lUe entire HI V-NL43 gpl60 cytopI^donii^^S 

?w PAr? U H g -^^ tein5 ^ $C F ra Jf d ° a l0% .n bnnc domain ww replaced by the complete RV-SZ 
SDS-PAGE and visualized by autoradiography. Cell extracts « mic domain, V represents a proline residue nor S 

DCD mutant viols. M: Protein size markers. domain sequences arc separated by a slash (/). 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 5 

(2) INFORMATION FOR SEQ ID NO : 1 : 

(X) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 11 base pairs 

(B) TYPE : nucleic acid 
(CJ STRANOEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

ACGCTTAACA A 

(2) INFORMATION FOR SEQ ID NO:2: 



11 



) 
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-continued 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 
(xi) SEQUENCE DESCRIPTION} SEQ ID NO:2: 
AATTCCTGCA GTAATACGAC TCACTATAGG G 31 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 amino acids 

(B) TYPE ! amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Leu Leu Ser Ala Gly Ala Leu Thr Ala Leu Leu lie He Phe Leu Met 
1 5 10 15 

Thr Cys Cys Arg Arg Val Aan Arg Ser Glu Pro Thr Gin His Asn Leu 
20 2S 30. 

Arg Gly Thr Gly Arg 
35 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Leu Val Gly Gly Leu Arg He Val Phe Ala Val Leu Ser He Val Asn 
15 10 IS 

Arg Val Arg Pro Arg Arg Val Asn Arg Ser Glu Pro Thr Gin His Asn 
20 25 30 

Leu Arg Gly Thr Gly Arg 
35 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(xl) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Leu Val Gly Gly Leu Arg He Val Phe Ala Val Leu Ser He Val Asn 
15 10 15 

Arg Val Arg Gin Gly Tyr Ser Pro Leu Ser Phe Gin Thr His Leu Pro 
20 25 30 

He Pro Arg Gly Pro Asp 
35 
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I claim: 

1. A genetically manipulated, infectious, replicating, oon- 
segmented negative -stranded RNA virus mutant, comprising 
at least one alteration selected from an insertion and a 
deletion, wherein the alteration is in a region of the virus 5 
genome selected from an open reading frame, a pseudogene 
region and an intcrgenic region. 

2. The virus mutant according to claim 1, comprising at 
least one alteration selected from an insertion and a deletion, 
wherein the alteration is in a pseudogene region. to 

3. The virus mutant according to claim I, comprising at 
least one alteration selected from an insertion and a deletion, 
wherein the alteration is in an open reading frame. 

4. The virus mutant according to claim 3, comprising at 
least one alteration in the open reading frame encoding the 15 
Matrix protein or an analog thereof, resulting in the absence 
of a functional Matrix protein, wherein said mutant can be 
grown when phenotypically complemented with a func- 
tional Matrix protein. 

5. The virus mutant according to claim 3, comprising at 20 
least one alteration selected from an insertion and a deletion, 
wherein the alteration Is in the open reading frame encoding 
the glycoprotein G. 

6. The virus mutant according to claim 5, wherein the 
alteration results in (be absence of a fractional glycoprotein 25 
G, wherein said mutant can' be grown when phenotypically 
complemented with a functional glycoprotein G analog. 

7. The virus mutant according to claim 6, wherein the 
glycoprotein G analog is the rabies glycoprotein G. 

8. The virus mutant according to claim 1, comprising a 30 
heterologous nucleic acid sequence encoding an epitope or 
polypeptide of a pathogenic virus or microorganism. 

9. The virus mutant according to claim I* wherein the 
virus mutant belongs to the family of paramyxoviridae. 

10. The vims mutant according to claim 1, wherein the 35 
virus mutant belongs to the family of rhabdoviridae. 

11. The virus mutant according to claim 10, wherein the 
virus mutant is a rabies virus. 

12. A vaccine for the prevention of infection caused by a 
non-segmented negative-stranded RNA virus in a mammal, 
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comprising a virus mutant according to claim I and a 
pharmaceutical^ acceptable carrier or diluent. 

13. A process for the preparation of an infectious, 
replicating, non-segmented, negative -stranded RNA virus 
comprising the steps of: 

a) providing a host cell expressing a heterologous RNA 
polymerase; 

b) introducing into said host cell 

1) one or more DNA molecules encoding the virus N, 
P and L proteins, or analogs thereof operably linked 
to expression control sequence functional in said 
host cell; and 

2) a DNA molecule comprising the cDNA of the 
non-segmented negative -strandcf RNA virus 
wherein the cDNA encodes the entire genome of the 
virus or is modified by the incorporation of a 
mutation, and wherein the DNA molecule is tran- 
scribed by the heterologous RNA polymerase, and 

c) isolating the viruses produced by the cells. 

14. The process according to claim 13, wherein the cDNA 
of the non-segmented negative-stranded RNA virus genome 
is modified by the incorporation of a mutation. 

15. The process according to claim 13, wherein the 
transcripts of the non-segmented negative-stranded RNA 
virus cDNA genome are positive stranded antigenomic 
RNAs. 

16. The process according to claim 13, wherein the RNA 
polymerase is T7 RNA polymerase. 

17. The process according to claim 13, wherein the 
non -segmented negative -stranded RNA virus genome is 
obtained from the family of paramyxoviridae. 

18. The process according to claim 13, wherein the 
non-segmented negative-stranded RNA virus genome is 
obtained from the family of rhabdoviridae. 

19. The process according to claim 18, wherein the 
non-segmented negative-stranded RNA virus genome is 
obtained from the rabies virus. 



